
Cfass No. 
Book No. 
Accession No. 


W 







Textbo . DELHI COLLEGE OF ENGINEERING 

Kashmere Gate. Delhi 


VOLUME ONE 


Part I—General 

Part II—Aliphatic Compounds, Alicyclic Compounds 

Appendices—Typical Numerical P’oblems, Typical Conversion!. 
Miscellaneous Questions, New Type Question Bank. 



Sfeltat Npraaaatafmn of (ha rassMon of hydragan oMerMo wd athyiaas. 
eHSkd srtHaU art ahadod aaipty ©rW«a*» ata vnahadad. 




Hybrid Orbital* 



The three important hybrids of a* and ap orbitals. G..ilSJit 
Ip* are tired ttreaturatedmohcssles, the *p*< hybrid \*a 

found in atiUZenUy'imtfW altyrM*'- . 






tT l—GENERAL 


1 




1. Origin of Organic Chemistry.—7 hr* mine organic dates 
a£k to the nine before Irt!?/* when a/1 those compounds^ which were 
btained from plants 01 animals, that is, fioin living orgamem#, were 

called orgamc compounds Organic chermstr) deals with the study 
ot these organic compn n ds The studs of c hem ica 1 compounds 
1 living a mineral origin such as common salt and sulphur, is termed 
{norgviivc Chemmiy. It v*j» Lavoisier (1711-1794; who showed 
that neaily all substances of pi nt origin aie composed of carbon, 
hydrogen and oxygen. Ot°i ur compounds of animal origin aiso 
consist oi the same three elements but frequently contain nitrogen 
and samecmv*& sulphur and phntpkonui also 

2. The Vital Force Theory. -This similarity in composition 
of organic romonumls and the fact that thev brhdvr difTiMrntlv from 
i/urganic i (impounds in being rc /niiusuhlr. led Swe HiemiA 
lipt'rhut* (17/ *-If/46) to lx unv tint tome vUu } '(life for<e) was 
jirrvs&arj to produce oigamr c impounds and an artificial prepurath n 
of tln'sc \s is mitrusible ^1 1 if t > tha absence of tins vital force m thfc 
tusi tube. I h< Mivstmou* lou 1 ", .nhwenth pie* ot in the l>0dv of th£ 
hviiv nttrail sir w is i s ionsiblc for the svnlfKSjsol oCgnntc cOrii- 
pounds then*. Hie vn d im re theory, p it U rvvgrd by Borsch us, has 

t 1 1 > s< lenufu batk^rou ul out held the held till 1 d2&, whcaa,a German 
r rust, In du eli VVoiilt r ; 1 odd-1 lW*b, woihing m Heidelberg 
* ported tint upon tirating} lead evanate with *mmonuim byd. oxide, 
he obi.lined urea. Sinre uk;.\ was a well known oiganic comi>ound 
l\ving be< n i oiued fr >r\ Umnau mine hy Koulle in a!x>nt 17H0, 
ihlei had piepand m oigarnr compound in me Libor at on lor the 
jfir^t time 

, NH«OH Hrat 

Pb(CNO)_ — w - NH^XO -► NH..CO XH a 

Lead cvafuitg Amm >nmm cyanate Urea 

Although the swidirsis or urea was recognized bv the leading 
( hemists of the day, tie com rpt of did not die quicklv. ft was 

ah aft< r Kolhc bad Ss nr hrs serf acetic '*nd n lR4 r > and Ben helot 
xd svuLhesi4*d methane in 1 oj(> that the belief in vitd force theory 
■ as lhando vd. "Thus u\ that the vOal bn e theory died only a 
lingering d< uLh. { . , . 

J.^iOfgWic <J!hi?ijii$tjry Defined,—The so-called organu 
^mnoumls have bfcrh found r > be miudv r impounds of ^irbon 
d ludiogen (called 'hjairocarlK »ts) or their derivatives. There- 
j\'Q> is ^hfmdd today as the chr«ii*lry of 

KM-12 82-1 
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There is at present no sharp line of demarcation between 
organic and inorganic chemistry. If the distinction between organic 
and inorganic compounds is being still retained, it is more a matter 
of convenience than of principle. 

Various reasons for treating organic chemistry as a 
separate branch of the subject. The following characteristics 
of organic compounds justify the treatment of organic chemistry 
as a separate branch of the subject: 

(i) Their large number. Compared with the compounds of 
other elements, the number of organic compounds is very large. 
About one million organic compounds arc already known and more 
are being added to the list. This is due to the peculiar property of 
the carbon atom to combine with itself and form long chains. This 
property of carbon atom is called catenation. It is not possible to 
indude all these carbon compounds in the chapter on carbon in any 
textbook. 

(»i) Complexity of molecules. Certain organic molecules are 
usually more complex and, therefore, possess a higher molecular 
weight than inorganic molecules. For instance, molecular weights ol 
proteins (organic compounds) range from several thousands to over 
m million. 


(tit) Their non-ionic character. Organic compounds are 
generally covalent compounds and do not, therefore, ionize when 
dissolved in water. For example, chloroform (CHCJ/ gives no white 
precipitate with silver nitrate solution (a characteristic property of 
inorganic chlorides). Their covalent nature also accounts for their 
low melting and boiling points and tendency for decomposition on 
heating, etc .—-their comparative instability. 


Inorganic compounds, on the other hand, usually ionize in 
solution and are comparatively more stable. Inorganic reactions arc 
mainly ionic reactions. For example, all chlorides give white preci¬ 
pitate with silver nitrate solution—a property of the chloride ions. 
KCMK+ +C1“ 

AgNO*s*A g+ -F NO/ 

Ag* +Cl~-*AgCl (white ppt.) 


(iv) Isomerism. Very often more than one organic compounds 
are represented by the same molecular formula. For example, C t H 10 O 
stands for four butyl alcohois as given below and three ethers, 
viaL, CgHs—O—C s H fi , diethyl ether, CH a —O—CH*.C # H S> methyl 
ift-propyl ether, and CHa—O—GH(CH 3 )„ methyl i*0-propyj ether. 


CH 

,.CH,.CH,.CH,OH {Primary ) ^CH-CH.OH {Primary) 

CH,' 

GH,CH, N CH,. XH, 

XHOH (Secondary ); yC^ (Tertiary) 

CH/ CH,' n OH 

Inmeric butyl alcohol 

Yorient* organic compound* represented by the tame molecular 
formula art called Isomerides tchik the phenomenon it known a* 
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Isomerism, The different properties of each one of the isomen are 
due to difference of arrangement of atoms. 

In inorganic chemistry one molecular formula stands for only 
one compound, e.g H 2 S0 4 stands for sulphuric acid and nothing else. 

( 0 ) Polymerism. It is the existence of two or more compounds 
having the same empirical formula, the molecular formula of one 
being some simple multiple of that of the other, e.g., 

C a H a and C^Hf 
Acetylene Benzene 

Quite a few organic compounds exhibit polymerism but inorga- 
nic compounds do not. 

{vi) Homologous Series. Organic compounds are classified 
in groups or families known as Homologous Series . Different members 
belonging to a certain homologous series called homologues are 
characterised by the presence of a characteristic group and can be 
represented by a general formula. The common difference between 
consecutive members of the series is GH t . They can be prepared by 
general methods of preparation and possess similar chemical proper* 
ties with a regular gradation in their physical properties. This haj 
reduced the study of over a million organic compounds to the study 
of a few homologous series. Similar properties of different homo* 
logucs are the properties of the characteristic group or the functional 
group present in each one of them. 

(vii) Rate of Organic Reactsona. Reactions between organic 
compounds are slow in most of the cases due to their being reversible 
and invariably accompanied by the side reactions. This is also 
because they represent the activity of the molecules rather than ions. 
They never proceed to completion and their yield is generally low. 

(viii) Their Structure. The structure (arrangement of atoms in 
the molecule) of most organic compounds is well established. It is 
more difficult to determine the structure of inorganic compounds and 
comparatively very few of them have been completely worked out. 

(ix) Solubility. Organic compounds, unlike inorganic com¬ 
pounds, arc mostly insoluble in water. They are, however, soluble 
in organic solvents, e.g. f alcohol, ether, benzene, etc., in which most 
of the inorganic compounds do not dissolve. 

(x) Origin. In comparison with the inorganic compounds, 
which have a mineral origin, organic compounds are mostly obtained 
from animal or vegetable kingdom. 

4. Rise of Organic Chemistry.— After the discoveries of 
Wohler (1828), Kolbe (1840s) and * '-50s), chemists re¬ 

cognised that it was not th 64® 5UIM rted uniqueness to 
organic chemistry but rath .. >. i m 1 i||| IIIIII III genic compounds 

were all compounds of carl I III ||| Hl|| III I I began to take on 

new dimensions as the teef llli IIHi(H||\\|\|111 n*lyi» of carbon 

and hydrogen was perfect** |||| |||||||llllllli accurate formulae 

were available for a gooc 68272 iplicatcd organic 

compounds. Various then __ « III order to explain 

complexities such as isomerism, rabetititnon, etc 
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In 1052 FTankland advanced the concept of valence. In 
1058 JCekulc avid Cooper proposed that carbon atom is always 
tetr a valent and that carbon atoms have the ability to link with each 
other. In lb58 Gannizaro used Avogadro 1 * hypothesis in the deter¬ 
mination qf accurate molecular weights of organic compounds. 
Knowing accurate molecular weights* chemists started thinking in 
terms of tnblecvdar structure and the chemical bond. Kekulc intro- 
chafed the idea of a bond between &tdms. 

Organic chemistry ha,s now matured as a scientific discipline. 
Over 95% of the kno*n tj^emiial compounds are organic compounds 
and half of the present-day chemistsaie oiganic chcpnsts. Rapid 
ad^anceihebt in (he field of organic chemi&tn is due to the fact that 
organic chemical industry’plays a majoi role m world economy and 
b^ause organic cimmcals arc literally the “stuff oi ldc-'* Majority 
q! 4he important discoveries by chemists in die recent past hav'c been 
discoveries in pr-ganic chemistry. 

* 4 *S. "Why Study Organic Chemistry?—In most of the chrrtii- 

o*1 industries around us we enrountrr organic reactions. So if you 
vV&m \obt a chemical engineer, oiganic i hemistry will he a part or 
your liflK Cherfrothetapy is one of the major techniques in modern 
medicine and majority of the modern hi e-sav mg drugs aie organ u 
CdmpoundLs. If you happen to be a doctor, > on will be surrounded 
byThese organic compounds throne’hout \our life. You ma\ be 
intending to specialise in biochemistry', molecular biology or anv 
other life science. A good background of organic chemistry is 
cfl&cptial ^br each one ol these. Biochemistry is simply a studs oi 
organic chemistry related to living organisms. Similarly, the mole- 
ouJU^ of molerular biology are Organic noJerules. You may be 
iftftridmg to specialise in some other area ol c Je mfotry and may need 
the knowledge of organic chemistry related to \<Mir speciality area. 

}j Apart horn these vocational moiivatmn?^ study uf organic 
chenyistpy an extremelystimulating intellectual pursuit. It has a 
highly Jngh.aJ structure and its study promotes logical thinking, 

6. ' Organic Chemistry In the Service of Mankind.— Our 

body is made up of tissues which arc all composed of' Organic aubs- 
tata&es. Tt> maintain health wc need’ art adequate supply of organic 
compounds, r.*7., food, vitamins, hortnoius, enzymes, etc, Srudv of 
life processes, like digestion and assimilation, is Nothing brf a slud\ of 
organic chemistry. Miracles of modefn science like the 4'J „u ir re of s<\x 
atfe Putcome v qf the study, pfacx hormones by the organic HU mist. 

An idea of* the use of organic compounds in the service of 
mankind can be Ji^d from their 4jPf)lfc£L|on i*i eyetyduy JUe t ,s ,givi n 
fcWniv : 

^oorff’-{}farc^ t sugar t fats, vitamins, proving, 
coal, alcohol, petrol, 

BouwtoW *aitd fdtomehial titWct**— Paper, snap, '’cosftn'tjtf, oi!s, r 
flavouring essence, photogrflpfiir d Veiop'Ti, dyes, paints* varnishes, 
ink**)*' ‘ r 

* P £ ^ ri ™ —Gotten, wool, silk and liuen (natural product*)* 

rayotty nylon Synthetic products), 
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Drugs and disinfectants —Penicillin, quinine, aspirin, chlow^- 
foim, lodof^uEjn, qnWw» *:*, ' 

Poisons —Opium, strychnine 

Perfumes —VamUin, camphor, ionoji£. sr >n 

tiplasives— Nitioglygejfine f dynamite, pnjncicid, TNT. 

Dyes —Indigo, Congo red, malachite green, etc* 

War gases —Mustard gas, chioropicrin, lewisite. 

We find that organic compounds penptrate ipto cveyv phase of 
our life Wd 1adfc to and pou^t on organic chemist for the 
manufacture of the above compounds ana for the development of 
van Dus chemical industries—paper, sugar, starch, vegetable oils, 
vegetable ghee, osarntial oils, tannery, distillery, soap, cosmetics, 
rubber, dyestuffs, plastics, petroleum* etc. 

QUESTIONS 

Eway Type : 

1 Give a brief account of the rise, development and characteristics of 
organic chemistry 

2 How do you define organic chemhtTy *> How would ybu justify the 
treatment of organic compounds as a distinct branch ol chemistry ? 

3 Write a short note on “Organic Chemistry »n the Service of Man- 

k md" 

abort W^ncr Type: 

1 What is vital lores theory *> How was it abandoned 7 

2 Whit is isomerism? Winch differ eh t compounls are represented by 
the formula C 4 H„,0 * 

3 What is the importance of organic chemistry to a doctor specialising 
in modem medicine. 

4 Name ten organic substances *hu,h you come across at home or whiio 
coming to the coUege 



Purification of Organic Compounds 

1. Introductory.—Most of the organic compounds occur to¬ 
gether at one source and many of them have similar chemical and 
physical properties. A large number of them decompose on heating, 
are sensitive to other reagents and resist the solvent action of water ; 
so the separation of organic compounds in a pure state from their 
natural sources involves laborious or elaborate processes depending 
upon their class properties and nature of the impurities present. 


In the chemical investigation and characterisation of an organic 


compound, whether natural 



or artificial, a complete molecular 
diagnosis is necessary. For this 
purpose before subjecting an organic 
compound to qualitative or quantita¬ 
tive analysis, it must be obtained in 
a pure state. All organic chemicals, 
medicines and utility compounds must 
be purified thoroughly before they are 
put on the market. Hence, purification 
of organic compounds, though tedious, 
is an indispensable operation. 

2. Extraction of Organic Com¬ 
pound#.— Certain organic compounds 
are present in certain plants or flowers. 
These can be extracted from their 
natural sources with suitable solvents. 
The source material is heated with hot 
solvent in a flask or Soxhlet apparatus 
(Fig. 2*1). Alkaloids, essential oils of 
flowers and leaves, vegetable colouring 
matter of leaves and soluble constituents 
of certain roots can also be extracted 
very easily with a suitable solvent in the 
Soxhlet apparatus. The soluble consti¬ 
tuents pass in solution and are separated 
by simple car fractional crystallization. 

The Soxhlet apparatus in its 
essentials consists of a unde tube provid¬ 
ed with a side tube on the left, a siphon 
tube on the right and a water condenser 
at the top. The herbs or flowers are 
placed in the wide tube and the appara¬ 
tus is fitted in the neck of a flask F 
containing a suitable solvent. 

The solvent in the flask F is boiled, 
the vapours of the solvent find their way 
through the side tube into the water 
condenser where they get condensed. 
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The droplets of the condensed hot solvent fall on the mass placed in 
the wide tube and dissolve out the soluble constitueirta from it* The 
level of the solution goes on rising till the siphon begins to work and 
the solution passes through the siphon tube back into the flask F, 
The process continues and more and more of the soluble constituent 
passes in solution collected in F . The solid is then separated as 
usual by crystallization from the solution obtained above. 

3. Methods for Purification of Solids. —The common 
methods employed in organic chemistry for purification of solid subs¬ 
tances are enumerated below : 

(1) Crystallization. Of the vast number of organic com¬ 
pounds now known, the majority of the purely synthetic ones and 
large number of the natural products 
are crystalline. These arc purified by 
crystallization from a suitable solvent 
which can dissolv* a large quantity of 
the substance at high temperature and 
deposit the same when cooled. 

A nearly saturated solution of 
the impure substance is prepared in 
hot. It is decolorised with bone 
charcoal, if necessary, and filtered while 
hot preferably through a hot water 
funnel (Fig. 2*2). A hot water funnel 
is an ordinary funnel surrounded by a 
copper jacket containing hoc water. 

This prevents cooling and consequent crystallization of the solid over 
the filter paper during filtration. Care is taken that solvent vapoun 
do not catch fire by coming in contact with the Hame. The filtrate on 
being allowed to cool slowly in a shallow basin deposits crystals of the 
pure substance. These can be further purified by recrystallization and 
ined over a filter paper, a porous plate and finally in a desiccator. 

Kapt. 1 . Prepare a hoi saturated solution of benzoic acid in water. Filter 




Fig. 2 3—Filtration Siih suction. 
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while hoi through a hot water funnel and allow to stand. Chstehing plates are 
drposited on cooling. 

The crystals arc conveniently \%n .hrd oh a Buchner funnel (Tig, 
2*3)-, the filtration and draining is accelerated by the use of water 
pump. A centriluge is. nticn used in technical operations for rapid 
separation ol crystals from the mother liqubr. 

(SM Fractional crystallkatiou. If the impure substance is 
a mixture of two substances A nnd B both soluble, the less soluble A 
will cry stallizt out fint from a saturated solution and may be conta¬ 
minated with a little oi B, I he mother liquor on Kihher concern 
tr^tion will deposit crystals ol B contaminated with A . The process 
Is repealed sevual tunes to gn puit samples of A and B, This hi 
called Fractional Crytktlhzutwn. 

NECESSARY MODIFICATIONS 

(u) Crysfotftration by 'spontaneous e v apcua turn. In case no suitable 
solvent is available and the given substance rs as Soluble in cold as in hot solvent, 
crystallization is earned out by spontaneous evaporation. A concentrated solution 
Is prepared and allowed to evaporate slowly Asa solvent evaporates, the solution 
geta more ?ml more cunccnirmcd and hnally icsuljs m the separation ol crystals. 

(b) UscofmLscibk solvent t. If the given substance X 15 very soluble in 
solvent 1 and very sparingly soluble in another solvent B t both these solvents are 
unhi lui use in crystallization. 

In case A and B are miscible and B has higher boding point than that of 
A , iheir mixture proves to be useful lor the purpose. A concentrated solution 
of JTis prepared in the solvent A and then solvent B in gradually added to 
solution till A slight turbudity occurs. The turbid solution is aiiuwed to cool 
when crystal* are obtained. For example, m-diniirobenzene is more soluble in 
alcohol than in water. As evaporation uf * 1 - dinhrobenzene m dilute alcohol 
proceed*, more and more of alcohol evaporate* leaving the solution richer in 
water and crystals of jn-dinitrobenzene are obtained. 



Pain of miscible solvents frequently 
employed for the purpose are ; 

(0 AIcohoH-water ; 

(#*) Alcohol-fe( her ; 

Benzenes petroleum ether ; 

(b) Chloroform v petroleum ether. 
r 3) Sublimation. Cmain 
r«wi]xmmJs .sublime on 
h**afm ,T , t.e,> pass directly from 
solid to vapour suite on heating 
4*1 in v*cp virtu on cooling, e.p. t 
naphthalene, anthuernr, camphor, 
and indigo. 

Heating 

Solid f* Vapour 
Cooling 


F.g. 2'4—Sublimation. 1 he process is known a. 

sublimation and is found very useful 
In separating . substances which sublime on heating from non¬ 
volatile impurities or vice versa . 


The impure substance is in a ted in a dish roveud with a per¬ 
forated asbestos sheet on wlm h ari bn trted funnel is placed (Fig. 2*4). 
The funnel is kept cool by wrapping it with a wet hher jiaper or wet 
cloth. Vapours of the substance use up and condense on the cooler 
walls of the funned*« — 
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TO VA QJUh 
PUMP ~ 


SUBLIMATE 


Expt I, Mix » lulls Of anttjnquioo 
Heat it in a dish severed with a 
perforated asbestos sheet and an 
inverted funnel. Pale yellow needle- 
shaped crystals of anthraquinone are 
deposited on the cooler sides of funnel 
vihile common salt is left behind. 

Subslanccs which decom¬ 
pose at their sublimation tempe¬ 
rature aie purified by sublima¬ 
tion under reduced pressuie in 

the apparatus shown in Fig. 2*5. 

V p . t IMRURF - 

It consists oF two tubes one substance 

fitting into the other. Impuie 
substance 1 is placed in the outer 
tube whirh is connected to a 
vatuum pump. Inner tube is 
fitted with two glass tubes, one 
brings m told water and the 
other acts as overflow. On 
heating the outer tube the sub¬ 
stance vaporises and then con¬ 
denses on the cooler outer 
surface of the inner tube. 


with some' cornmnn salt 



rig 2 5—Sublimation under reduced 
pressure. 


4. Methods for Purification of Liquids.— Van his methods 
employcd tor the purification ol liquids, dependin'* on ▼ ljr natmo of 
the liquid and the nature of impurities piestnt. are * 

(1) Simple distillation. Liquid* which bod under ordinary 
pressure without decomposition and aic associated with non-volatile 
impurities are generally puuiud by simple distillation. It is a 

C roces* m which vapoiuaULm and condensation arc going on side 
y side. The impure liquid i« taken in a distillation fiask htted with 
a theimometer and a condenser and heated on 4 yvjj*rgiMi 4 e* The Uquid 
vaporizes and the vapours are condensed as they pass through the air or 
water condense!. The pure liquid is collected in the rmivr while 
the nrm-volatile impurity is left behind. Some glass brads are generally 
added to the distillation flask to a\ oid bumping. 

( 2 ) Fractional distillation. The liquids are ft red from their 
volatile impmiues by Fractional DtitiUotipn. When the mixture of 
two liquids, A and B, is healed m a distillation flask the low boiling 
constituent A, contaminated with a I 1 UJ 5 of high*boiling constituent 
Bj distils over first and is collected separately. The two fractions are 
further purifled by repealing the above separations a number of times. 

To decrease the umnbtit of d i^tillations or to separate A and B a 
when their boiling points art* very near to each other, a fractionating 
column is used. It is a long tube provided with obstructions to the 
passage pf the vapours upwatus and that of the liquid downwards. 

The liquid mixture to be fractionated ii placed in a distillation 
flask, fitted with a fractionating column, a thermometer and a 
condenser as shown in Fig. 2*6. The flask is heated from below. The 
liquid vaporizes^nd the vapours rise into the fractionating column 
where some of them condense and start flowing down. 
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At each obstruction in the fractionating column there oetlin, 
an exchange of constituents between the up-going vapours and the 



Fig. 2'6 —Fractional distillation. 

down-coming liquid. The vapours lose more and more of the high- 
boiling constituent B , by condensation as they rise up and the liquid 
loses more and more of low-boiling constituent A by evaporation. 
Thus pure A passes at the top and pure B remains in the flask below. 
Fractional Distillation in Industry. On a commercial scale, 
fractional distillation is done in raicfully designed 
big fractionating columns, eg,, in petroleum re¬ 
fineries, distilleries. One such column is shown in 
Fig. 2*7. It is about 10 m high and even more in 
certain cases. 

There are bells and plates provided at 
different heights which divide the column into 
different compartments. The mixture is heated 
in the still at the bottom. The vapours from 
the still enter compartment a and get partially 
condensed. The condensate rich in high-boiling 
constituent collects on the plate and more volatile 
components pass on into the next compartment 
6 . Thus the vapours travel upwards from one 
compartment to the other. The liquid flows 
down and falls from one compartment to the one 
next below through overflow pipes. 

Vapours of the low-boiling constituents 
escape at the top and are condensed while the 
high boiling point fraction collects at the bottom 
and is withdrawn from time to time. 



Fig. 2*7—Bell and 
plate type fraction¬ 
ating column. 




PURIFICATION OF ORGANIC COMPOUNDS 


111 


(3) Distillation under reduced pressure. Most of the 
organic compounds decompose when heated to their boiling points, 
glycerine is a common example. Such substances cannot be purified 
by simple distillation. 

Boiling point of a substance is the temperature at which the 
vapour pressure of the liquid is equal to the atmospheric pressure 
This means that by lowering the pressure to which a liquid is 
subjected the boiling point of the liquid can be lowered. Similarly 
by raising the pressure, we can raise the boiling point. Thus ve 
notice that a liquid can be made to boil at any temperature by 
changing the pressure. 

Now if we have an organic substance which decomposes at its 
boiling point, we make it boil, so to say, at a temperature before 
it can decompose. All that we have to do is to create a partial 
vacuum. Under reduced pressure, the substance boils at a much 
lower temperature and distils over up decomposed. 

Distillation under reduced pressure or vacuum distillation, as it 
is generally called, is carried out in a specially designed apparatus 
(Fig. 2*8). The receiver is attached to a vacuum pump to lower 
the pressure icgistered by the manometer provided, and the distilla¬ 
tion earned out as usual. 

Distillation under reduced pressure is not only useful in avoid¬ 
ing decomposition but also serves to economise fuel for industrial 
concerns. For example, in sugar factories, raw juice is concentrated 
by heating under reduced pressure in specially designed vacuum 
pans. Liquid mixtures, which would otherwise boil at inconveniently 
high temperatures, are separated into their constituents by vacuum 
distillation. 
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(4) Steam distillation. Liquids practically immiscible with 
Water* volatile in steam'and possessing; a fairly high vapour pleasure, 
B.g., aniline, ai£ purified bv steam distillation 

Steam is bubbled thumgh the impure liquid in a flask hra*ed 
op a sand bath (Fig 2 Vigorous boiling sets in and vapours of 
the organic suMtaiuC rmsed with steam n*,r up and condense as 



tig 2*)—Steam thsn Hat on 

they pass tluough the water condenser Thus the cortdrnsite is a 
mixture of toe organic substance and water 1 he t>vo being im- 
rtlisciM^ are separated in a stp vrating funnel (Fig 2 10) [a case 
the or^ one compound is pu tially itns< ible With w iter, it is Extracted 
with a suitable solvent Pint mguiu compound j thrn recovered 
lrom the extract by fictional distill it on 

Theory of Steam Distillation Let p { and p 2 be tin vapour 
picssurts ol water vapour and liquid at the distillation temp-rature 
The liquid boils whin flu n si^n is equal to the atmospheric pressure, 

P,te, 

Pit Pt=~P or Pi^P-pi 

It is evident that when a liquid boils in the presence of steam, 
p fts the partial pressure of organic liquid, is less than',the atmosphenc 
pressure, t.e M the sub.,ianre is boiling under somewhat reduced 
pressure, p, at a temperature lower than ifs boiling point. f l hus 
the principle is similai ti nisi illation under reduced pressure. 

The actual amou it o/ the substance which distils over is given 
by the relation : 

W, t> x 18 
W t p* x M 

where tV v =^Weight of water which distils over, 

W 2 SS Weight of rhe substance which carried over, 

Pl **Vapour pressure of water vapour, 

Pt** Vapour pieaswrt? of the vubsfahcc, 
l8**Moi. wt. of water, - 1 

and If mMoL of tf*e s«bftinc*. r 
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(5) Extraction with a solvent. The impure liquid is freed 
from a misorMe impurity by shaking it in a ftinnel with a 

suitable solvent which can dissolve one of the Constituents A and is 
immiscible with the other constituent J?. The two are separated in 
the separating funnel and A is separated from the solvent by distilla¬ 
tion, Miscible liquids which cannot be separated by distillation and 
a volatile solid from its solution are also generally separated by ex¬ 
traction willi a suitable solvent which dissolves one of the constitu¬ 
ents and yet iieplums munl-.rible with the other constituent. 

Evpt 3 Take alcohol and water in two 
test tubes. Add benzene to eahei and show that 
benzene is umciblc viih alcohol and immiscible 
with wtiter Take the alcohol-benzene mixture 
in a separating funnel and shake with excess of 
water. The liquid separates into two layers 
after a while. Run off itv* bottom layer of 
aqueous alcohol and repeat the process to 
extract Ihe remaining traces of alcohol from 
the upper benzene layer. 

According to Partition Law, it is better 
to repeat the process of extraction with 
smaller amounts oi the solvent. I nr 
example, the substauee exulted in live 
lots with 10 ml of the solvent each tim^ is 
definitely more thjn extracted v.irh “0 ml 
of the same solvent in one lot. 

(6) Salting out. Many otganie compounds, e.r/., ethanol 
acetone, pytidine, itu, wluili are soluble in w.un are rithei insoluble 
Vlr sparingly soluble in solutions of sails hke common salt, calripni 
chloride and sodium sulphate. Heine on addu g the solid salt to an 
aqueous solution of, sa> aniline, K is thrown tut of solution and can 
be separated with thf luJp of a separating funnel or better still r 
extracted with ether. 



I ig. 2*10—Sena- 
rating funnels 


• Salting out of soap t>r sodium lirnzene-snlphonatc I addine 
common salt is due to mw mnn ion Addition of common sab 

increases the sodium ion concmitat >on wluieny the solubility puv 
duct of sodium stearate (soap) is exceeded and it g< rs precipitated. 

(7) Counter-cur rent distribution. Count et -current distri¬ 
bution is an automatic procedure used for separating iwo closch 
related solutes and is based upon their slightI\ different partition co¬ 
efficients in two rmmhcible liquid solve nis. The technique is used 
when Other methods siuh as distillation art' inadequate. 


About 100 lo 200 idealitaj tesi tubes .nc tukt n and the hcavir» 
solvent*' h placed m each of them. T he s nnple is dissolved in a 
of tnVIIghlW'solVerll afi lI added to test uvhr 1. It is shaker 
and iilloWFd tb iT solvent N thenf transfer red id test 

tUb62 Ivlifltr a li&v jWdtm'ttf Hgfillfr solvent h ekMed-to test tube i 
T he process is repealed \vith test tubes 2, 3, i and so on. 

a A' iiiwl 8 siiHd cofri- 

puuiiil A is more Soluble in^ \b$ lighter solvfettt 4*S tfiih pared wit!i 
the solute B . In every test tube partition of the two solutes take? 
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place. More of component B passes into the lower layer and more of 
A is retained in the upper layer. Solute A is thus transferred from 
tube to tube in slightly greater amounts than B and after a number 
of operations would leave component B behind. 

(8) Chromatography. It is a modern technique employed for 
concentrating a compound which occurs naturally in great dilution and 
has proved to be an extremely valuable method for the separation, iso- 
" lation, purification and identification of the constituents of a mixture. 

It depends on the distribution of the mixture between two 
phases, one fixed and the other moving. Different constituents migrate, 
therefore, at different rates through the fixed phase. The mixture is 
dissolved in the moving phase and passed ovrr the fixed phase which 
may be an adsorbent column or a paper strip. The moving phase 
may be a liquid or a gas. Based on the nature of the fixed and the 
moving phase, different types of chromatography are : 


(0 Adsorption chromatography. In this the foced phase is a solid, 



«.{/,, alumina, magnesium oxide, 
silica gel, etc. The solutes are ads ub- 
ed in different parts of the adsorbent 
column. The adsoi bed components 



are then eluted by passing suitable 
dbuents (solvents) through the column. 

Thin layer chromatography (TLC) 
is a particular case of adsorption 
chromatography in which wc use a 
glass strip coated with a thin Dye*- of 
the adsorbent. 

(n) Partition chromatography . It 
operates by a mechanism analogous 
to countcr-cnnent distribution. The 
fixed phase may be a liquid strongly 
adsorbed on a solid which acts as a 
support. In this case the solute gets 
distributed between the fixed liquid 
and the moving liquid (solvent). The 
technique is called partition chro¬ 
matography. 

Paper chromatography is a 
special case *.f partition chromato¬ 
graphy in which the adsorbent 
column is a paper strip. 

(iti) Gas chromatography . When 
the moving phase is a mixture of gases 
it is called gas chromatography or 
vapovr phase chromatography (VPC). 
Depending upon the nature of the 
stationary phase whether solid or 
solid coated with non-volatile liquid 


Fig. 2 a II—A simple chromatogra¬ 
phic column* 


it is termed gas-solid chromatography 
(GSC) or gas-liquid chromatography 
(GLC). 



PURIFICATION OF ORGANIC COMPOUNDS 


115 


A 


(a) Adsorption chromatography. This method is based on 
the differential adsorption of the different constituents of a mixture on 
various adsorbents like magnesium oxide, alumina, cellulose powder, 
silica gel, active animal charcoal, inulin, sucrose, bentonite, kieselguhr, 
etc. This is useful in concentration , r 

of naturally-occurring dilute solutions cot to* i ,. t- 

and is extremely valuable for isola- k I [* ’ '*1 

lion or purification of an organic * j j I 

compound or separation of the con- _J j 1 

stituents of a mixture. ** i ®**j , ' 

A long glass tube with a stop- ggg 
cock at the lower end is packed with i ; 

a statable adsorbent. For this purpose sggj . 

the adsoibcnt is shaken with the \ZZ/ cor r cv*&P ^ 

solvent to be used for dissolving the TT ' [f Tf 

mixture and the blurry obtained ^ Wtl f T u 0 

poured in the glass tube. The ad- - j j 

sorbent settles down gradually and Ml If j |, f 

forms a column while the solvent is / Lj \ / (J V / ij V 

allowed toflow down through the / \ j \ j \ 

stop-cock. ^ \ /_\ / — \ 

A concentrated solution of oM ^ ^ l( ,—* 

the mixture in a suitable solvent is 

adsorbed in a suitable quantity of Fig. 2* 12— (i) Chromatogram ; (tf) 
the adsorbent and dried. This and (mV-Downward movement of 
dried adsorbent is placed as top the k ant h during elunon. 

layer in the adsorbent lolumn obtained above. Pure solvent is taken 
in the dropping funnel and is poui ed slowly at the lop of the 
column. As the solvent passes through the top layer, it dissolves 
the mixture adsorbed in this layer. The solution so obtained flows 
down. As the solution runs through the adsorbent, the components 
of the mixture are subjected to a competition between the two phases. 
The stationary phjb.se {(ubiorbtnt) tries to adsorb the components on 
its surface while, the moving pka*sc (solvent or tlurnt) tries to tak r 
away the components along with it downwards. 

Different constituents of the mixture (lire different responses to 
these competing phases. The lcsult is that the different components arr 
adsorbed at different heights. The la vers ni the adsoibcnt with dif¬ 
ferent constituents adsorbed in them are calh d zontA or bands. Zones 
possess different colours generally. Most sliougly adsorbed constituent 
is present in the bancl near the top whde th** leist readily adsorbed 
constituent is to be found in the band near the bottom [Fig. 2'12 (i)j. 

Extraction of the individual component# from these bands. Pure sol¬ 
vent is now added irom the top. This causes each band representing 
each component to travel down the column [Fig. 2*12 (ti) and (ut)|. 
This process ofuxishing the, column with purr solvent is known as Elution , 


Fig. 2*12—(i) Chromatogram ; (/f) 
and (mV— Downward movement of 
the hands during elution. 


The solutions flowing down through the stop-cock with each 
band disappearing are collected separately in different receivers. 
These are concentrated and crystallised to recover the solid compo¬ 
nent. In cases where bands do not separate completely, the solution? 
obtained by elution are passed through such column again. 




ORGANIC CHEMISTRY 


ri6 


Sometimes the adsorbent column is pushed out of the tube by 
tupping and cut into sections, each section carrying one band. The 



ADSORBENT COLUMN ONE SECTION 
Fig. 2‘13—Cutting of the adsorbent column into sections. 

constituent present in each section so cut is extracted with a suitable 
solvent followed by concentration and crystallisation nl ill'* solution. 

(h) Paper duronaatop'apliy. Paper rhromalngraphy proceeds 
by a mechanism which is partly partition and partly adsorption. 
Solute mixture, generally dissolved in water, is placed on a strip of 
chromatographic pajv*r and a second solvent is allowed to travel 
along the strip, Hcie ecLlulo.se of filter paper acts as support for the 
stationary phase, water adsoilxd in it. The mixture is subjected to 
partition between the stationary phase (water) and the moving phase 
(solvent). The role of cellulose can be compared to that of separating 
funnel. As a result of continuous and repeated partitioning the rate 
of migration of each component is different, which is responsible for 
their separation on the pa}>er. 

Paper clnomatograpiiy is mainly mod ior the separation of 
amino acids, carbohydrates, etc, 

(a) Radial Paper Chromatography. I n Fig. 2*14 a thin strip 
is cut along the radius of a circular hJter papri. The thin strip is 
termed wick or tongue. I his is placed (H er a petri dish commun¬ 
ing the solvent and the strip dipping in this solvent. Solute mixture 
is placed at the centre of the filler pupei. This is covrred with a glass 
plate to prevent evaporation rd solvent. Solvent ls constantly ri.in a up 
through the strip due to capillary an ion. Fhh dissolve* ihe olutcs 
and the solution travels through filler paper. l)uc to uUirrontial 
adsorption different ingredient* travel through difleicm distances 
and separate in die burn of semi-ei* rular 1 rands This is termed 
Radial ])aper chromalogiapfat 



f i 2 1 I4-Rad|ai paper chroma tOLraphy, 
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(b) Ascending Paper Chromatography, In another 

arrangement for separation by chromatography, we use a filter 
paper strip as shown in Fig. 2‘15* In a rectangular box a filter 
paper sheet is suspended from a glass rod. The lower edge of 
the filter paper sheet is dipping in a suitable solvent (eluting solvent). 
The front of the box is a glass window and its top is covered by a 
glass plate. Suppose the mixture is suspected to contain five ingredi¬ 
ents (A y B, C , D and E). Mark six points on the filter paper sheet in 
a row. The mixture is put on one point and known samples of A, B, 
C, D and E arc placed on the remaining five points. Since the 
lower end of the filter paper sheet is dipping in the eluting solvent, 
the solvent rises up due to capillary action, dissolves the sample on 
its way and travels up. 


GLASS ROD -t 


PAPER STRIP 


STANDARDS - 
FOR 

COMPARISON^ 




\ 


_^ I 


8 f 


-GLASS 
) PLATE 
COVER 


MIXTURE 

UNDERGOING 

SEPARATION 


ELUTING 

SOLVENT 


Fig. 215—Ascending paper chromatography. 

Different ingredients of the mixture travel through different 
heights and correspond to the heights travelled by known samples, 
f he constituents of the mixture are separated as well as identified. 

In this case, since the eluting solvent is moving upward, it is 
termed ascending paper chromatography . Sometimes the eluting 
solvent is placed at the top and the upper end of the filter paper dips 
in it. Here the solvent moves downwards. Chromatography in this 
case is termed de.'tceneUng paper chromatography. Sometimes the con¬ 
stituents do not produce coloured bands. In such cases at the end 
of the test, the paper is sprayed with a special reagent to make the 
sample visible. 

For rapid separations where identification of the components 
of a mixture is all that is required, paper chromatography is usually 
the most convenient. 

Kr Valves. The symbol Bf stands for Ratio of Fronts or 
Retention factor and is universally used to denote the ratio of the 
distance travelled by the solute from the origin line and the distance 
travelled by the solvent from the origin line. 

» Pittance travelled by the solute from the origin line 
* Distance travelled by the solvent from the origin line 
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For example in Fig. 2*16 centre of the spot B for a parti* 
cular substance is at a distance x from the origin A (the point of 

application of the substance) whereas 
solvent front has moved through a 
distance y from the origin* 

Hence in this case 



501 VENT 
FROST 


P0IU T OF 
APPLICATION 
OP THE 
SUBSTANCE 


ORIGIN 

LINE 


Fig. 216 . 


Rf~=— 

V 

Rf or a substance depends on 
(i) Nature of solvent used, 

(«) Quality of paper, 

(iii) Nature of the substance, 

(iv) Temperature. 


Instead of a single substance if we use mixtuie of two substances 
A and jB, they will rise through differrnt distances (say x cm 
and y cm respectively) wheieas the solvent rises through a distance 
s cm. From this data 

Rf for A ~xjz 

Rf for B=*y/z 

Ratio between their Rf valuc> 


x 

z 


JL 

z 


::x:y 


Thus we can compare the Rf values of the components of 
* mixture. 

Analysis of mixtures of amino-acids may be carried out with 
the help of paper chromatography. Mark six points on a filter 
paper. Aqueous solution of the mixture is put at one point 
and standard solutions of five different amino-acid* suspected to be 
present are put at five remaining points. The filter paper is held 
vertical and its lower end dipped in a solvent which may be 
n-butanoUethanoTw au r mixture or n-bu tanol-acetic acid-water 
mixture*. When the solvent layer travels sufficient height, filter 
paper is removed and dried. It is next sprayed with a dilute solu¬ 
tion of ninhydrin in n-butanol or ethanol when coloured spots are 
Seen. 


If the mixture gives three different spots at different heights, 
it is* a mixture of three different amino-acids. Comparison of the 
Rf valuta of these spots with the Rf values of spots given by five 
known aotinio-acids* we can deduce the identity of the amxno^acids. 
Colour of each spot is proportional to the amount of amino-acid 
present* The colours produced by mixture spots are compared 
with those of known acids photometrically and the quantities of 
the amino-idids present are thus quantitatively estimated. 
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Analysis of a mixture of sugars is carried out in a similar 
manner, using the same solvent system. However, the filter paper 
in this case is sprayed with aniline hydrogen phthalate. 

(c) Gas chromatography. In this the stationary phase is 
cither a solid (GSC) or a high boiling liquid deposited on a suitable 
support (GLG), surh as molten vacuum grease or silicone oil, impreg¬ 
nated on a powder support and packed in a column. The liquid must 
W non-volatile at the temperature used. Out of the two GLC is more 
common, 'lire moving phase is a carrier gas, such as nitrogen, helium 
or urgon which does not t witii the sample. The whole column 
is plated in a thermostat. 


flic sample mu be gaseous, liquid, .solution of a solid in a 
suitable solvent (like hexane, benzene or act lone) 01 solid itself 
piowdid i» is appreciably volatile it the column temperature. The 
sample is introduced in the column with the help of a syringe (if 
\apour or liqmd) and the carnet gas passed through. On account 
of the temptnahue at which the instrument us maintained, the sample 
vapot iscs icadily. The carrier gas sweeps the vapour of the sample 
into the (.oil filled with stationaiv phas*'. 

The * ,irrrr gts is ti)ing to sweep out the constituents of the 
sample thiough the oilier end ul the column. At the same time, high 
boiling liqu u in the column is trying to retain them. Partitioning 
of every < onslituent of the mafuial vapour thus occurs between 
the earnci gas and the liquid in the column. This distribution 
diffri.% fiom constituent to (onstiluent. The least soluble constituent 
i omes out first while tie' most soluble constituent comes out the last. 



GRAPH 


Pig. 217—Gas chromatography. 

Thus the components of the mixture arc separated in the form 
of their vapours. The emerging gas is passed through a detector 
whose electrical response depends on the concentration of the sample 
in the gas stream. The detector is provided with an automatic chart 
recorder. The trace produced by, the pen recorder is known as a 
chromatogram* A typical* gas chromatogram is shown in Pig. 2 m Ifl. 
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Fig. 218—A typical gas chromatogram. 

Gas chromatography is used largely as an analytical tool, 
where it can handle minute quanuues {as small as 10' * g) of samples 
and effect remarkable separations. 

(9) Zone Refining. Zone refining is the name given to a 
family of techniques involving the production ol a molten zone in a 
bar or column of solid material and is of particulai interest to chemists. 

The principle underlying the technique is to take a column of 
the substance in a tube, which is normally of glass and mounted in 
the vertical position with an clrctnral heating loop around 

the lube (see Fig. 219). The 
tube is lowered slowly'through 
the heating loop around the 
tube which melts the solid in 
the section of the tube en¬ 
closed by the loop. As the 
tube progresses downwards, 
the pure solid begins to form 
from the melt at the base of 
the molten zone. Most of the 
impurities remain in the mol¬ 
ten zone that is moved up* 
ward through the tube. The 
impurities are thus concentrat¬ 
ed in the molten zone and arc 
carried forward to the top of 
the column- By repeating the 
process a number of times it 
is possible to produce materials 
of an extremely high degree of 
purity which it would be difficult to produce by other means- The 
purest material is generally to be found in the lower part of the tube. 

To achieve a degree of purity comparable to that obtained by 
zone refining an impossibly large number of recry sUllisations would 



(b) 

Fig. 2'19 —Zone refining. 
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be required. Furthermore, the loss of material by rejection 
of the mother liquor and due to handling losses would be 
very considerable. Zone refining does not suffer from these disadvant¬ 
ages. The technique is, however, not a rapid one. Several passages of 
the heater are required and the molten zone must pass only slowly 
up the tube at a speed in the region of one inch per hour. 
However, by using a suitable apparatus the process can be carried 
out automatically or semi-automa tically and the equipment can be 
left to operate with little or no supervision. 

(10) Chemical Methods. For purification of organic substan¬ 
ces, very often advantage is taken, in practice, of the acidic or basic 
character of its various components. For 
example, a mixture of aniline and toluene 
can be separated by treating it with excess of 
dilute hydrochloric acid in a separating 
funnel. Lower aqueous layer of aniline 
hydrochloride h separated and treated with 
sodium hvdioxide when aniline separates as 
a colourless oilv liquid. Toluene remains 
behind in die separating funnel. 

Apart from thi^ a substance may fre¬ 
quently be converted info a crystalline deriva¬ 
tive by means of a reagent which does not 
react with the impurities. 'I he solid deriva¬ 
tive is rco \ siallized. if nrcessarv, and decom¬ 
posed to get pure substance. For example, 
tnidc acetone prepared from pyroligneous 
at id is shaken with a strong solution of sodium bisulphite. The 
acetone torrru a crystalline bisulphite compound which is separated 
from the impurities. The crystalline compound decomposes when 
warmed with a solution of sodium carbonate or sodium hydroxide. 
Acetone, so liberated, is distilled, dried over anhydrous calcium 
chloride and redistilled. 



T 


CaOf 


Fig. 2'20—Vacuum 
desiccator 



Methyl alcohol and acetaldehyde are purified in a similar 
mannei by forming their crystalline derivatives. 

5. Drying of Organic Substances. —An organic compound 
cannot be regarded as pure even il it contains traces of moisture. In 
some cases presence of moisture is enough to affect fundamentally the 
chemical properties of the substance. Organic liquids are generally 
dried by keeping them in contact with a desiccating agent which does 
not react chemically with the liquid. Common drying agents general¬ 
ly used are quicklime, fused calcium sulphate or copper sulphate and 
solid caustic potash. For example, alcohol is dried over quicklime or 
anhydroi s copper sulphate and if cannot be dned over fused calcium 
chloride as it reacts with it chemically. 

Solids, if sufficiently stable, are dried by heating them gently 
in a steam or air oven. Those substances which decompose on 
heating are dried at the ordinarv temperature in a vacuum desiccator 
charged with a suitable desiccating agent (Fig. 2'20). 



122 


ORGANIC CHEMISTRY 


6. Criteria of Purity. —It is important to test the purity of 
an organic compound after purification and proper drying. Usual 
tests employed to serve as criteria of purity are : 

FOR SOLIDS 

(i) Microscopic Examination. In case the organic com¬ 
pound is a crystalline solid, it is examined under a microscope. 

Homogeneous cr>stals (with similar 
geometrical shape), if seen under 
the microscope, indicate it to be 
roughly pure. It is not a sure test as 
mixtures of isomorphous substances 
also appear homogeneous ™hrn seen 
under a microscope. 

{«) Melting Point. 7'he cri¬ 
terion of punt) of a solid organic 
substance is a sharp me]tine point 
which remains unchanged on recry*-1- 
allizcition. Piesenee of impuritiis 
lowers the melting point nf a substance. 

The melting point is determined 
by means of some such apparatus as 
that shown in the diagram (Fig. 2‘20. 
Finely powdeied substance is taken in 
a capillary tube sralrti at \h( ]m\er 
end, wetted by the liquid ol the bath 
and attached to thrrrnmni tei (visco¬ 
sity of the arid and sin face tension 
keep the capdlarv lube Winging to the 
thermometer). The ihrrinonu ter is 
then loweird into a Thick tube containing com. sulphuiir arid. 1 he 
Thiele tube js slowly heated, 'flit* exact temperatuie at v. huh Un- 
opaque solid becomes transparent givrs the melting point. 'i he solid 
is purified ruin and its melting point re-di tcrmimd. II the two 
melting points aie shaip and concordant, ihe substance is purr. 

Electrically heated Melting point apparatus. It consists 
of an aluminium block m which three capillary melting jioint tubes 
and a thermometer ran be inserted. A lamp mounted in front ol 
the apparatus provides uniform and shadowless illumination of the 
sample tubes which are viewed through a lens. The apertures in 
the block are screened by shec f s of glass to exdude droughts and to 
ensure uniform temperature. 

One heater is regulated by a built-in rotary rheostat which 
gives an accurate adjustment of the rate of increase of temperature 
as the melting point is approached. The other heater for boosting 
the heating i ate is <ontioiled by switch. A second switdi controls 
the lamp and titc powci input to the apparatus. Ventilation is pro¬ 
vided to enable the block to be cooled quickly between determinations. 

Main features of this apparatus are fine temperatuie control 
and accurate results obtained quickly* 



Fig. 2'2i— Determination of cell¬ 
ing point hy Thiele’s method. 
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(m) Mixed Melting Point The purified sample is mixed with 
a little of the pure Mibstanc e and the melting point of the mixture 
determined. If the mixture melts at the ineltmi* point of th j pure 
substance, the sample is pure otucrwibc it needs further purification. 

FOR LIQUIDS 

(t) Boiling Point 1 he criterion ol the punt) of an organic 
liquid is sharp and concordant knltny pthnl The liquid, il available 


m sufhcicnL qunntitx, is boil'd m a 
distillation flask and the commit 
tempera uio at which iIn liquid 
distils o\cr gi\es its boilmt, point 

If »he liquid is a\ ulabp m 
small quantity, it is l«Atn m t 
■umll fusion tube atlirhtd to 
thermometer with a rubbtr bind 
\ sma'l capillaiv turn, with us 
upper end st tied, is dipped m 
the I qiml arid thr thennometrr 
is lowered mi a T hi lr ml c 
containing com sulphmir and 
(Fig 2 22 ; 1 he I hah lube i 

slowh heated and the temptx itun 
at winch a brisk evnhitiun oi 
bubbles oums it ih lowu rl ol 
the c tpillais tnoegises it bo hn^ 
point i he \ thu is comp nd 
with the me gi\<n in t)u i b! 
of physical constants lor an 
unknown liquid sharp <u u toi - 
rordant value impi f > th u i h i> Ik 



f jn 2 ?*' De^cmninainn o' boil¬ 
ing point b\ i liicie s mc'h )d 
oh uue I m pm c stun 


(n) Specific Gravity and Refractive Index In addition to 
boiling point, nms*ant v dm >, oi *p cilu p i\ ns and uiiaitivr index 
of a liquid also >erv t as c* Irma oi pimtv 


QirrsuoNS 

Tss^j f>pe 

1 V^nie an accium ol rlu van u Tklhod b^ wmth organic compounds 
are purified What are the criteria ni n mu 1 ir orr mic liquids «nd solids ° 

2 W.rh ihe help of a sketch th s^nhe tic c xti uJion of oil from seeds 

using Soxhlet apparatus [Bangalore B S r 1969) 

3 (ti) Nairn ihc process d punKinp an rrgimc liquid which decom¬ 
poses on healing r > us hulim? point Illustrate u wiin a diagram 

{b) VVrut a diort acto 11 I u me h sj ol panhca 1 ion bv chromato¬ 
graphy {Delhi B Si Hons 1973) 

4 Whai use is made oT the f' 1 mng in the Organic Ciemistry 0 

(a) Mixed melting point (/») Fractional crvsMlhrafion. 

fr) Distillation under reduced pressure. {Agra B Sc. 1968) 

5 Describe bueHy how >ou would separate a ;ru\t ire of ammo-acids 

c hromatogrjphically State the principle involved in ihe separation What ts 
Rjr value ? (Delhi B Sc* Hons I* 1976 ) 
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6. Explain and illustrate any two of (he following : 

( 0 ) Vacuum distillation, (J>) Steam distillation, and (r) Sublimation. 

(Delhi B.Sc. Hons. Sub. 1976) 

7. How would you proceed to lest the purity of an organic liquid ? 
Describe a practical me:hod for finding out the boiling point of a pure organic 
liquid which is available in a small quantity 

(Delhi B.Sc. Hons. Sub. /, 1976 Supp.) 

8. Give two physical methods lo test the purity or an organic compound. 

(Delhi B.Sc . 1976 Supp.) 

9. What is steam distillation 7 What is its advantage in purifying 

organic compounds 7 (Calicut B.Sc. 1978) 

10. In an organc reaction two volatile organic liquids A and B with 
boiling point 33.V5K. and 340K were formed. What method would you adopt 
to get them in pur_‘ state ,} Discuss the principle of this met nod, 

(Delhi B.Sc. Hons. Sub . 1978) 

11. How will you purify the mixture of liquids by fractional distillation ? 
How will you ascertain that the sample obtained is pure ’ 

(Delhi B.Sc , Horn l'):8) 

Start Answer Type : 

1. Name the criteria c f puntv v f oiganic c< mpounds. 

2. Name the processes used for purification of — 

(/> an organic liquid which decomposes on heating to its boiling point 
(ill a solid mixed with a soluble impurity. 

3. When is chromatographic technique used t 

4. Name different types of cl n matograph.c tcchriqncs. 

5. What is R r value f 

6. What is the principle underbid# steam distillation ? 

7. 'What is a chn-mdtogram ? 

8. Wliat is the piinc } le un ieilvmg /one u. Cuing T 

9. What is the principle underlying mixed melt ng pi int determination ? 

10. What is the use uf mixed niching point in identification of organic 

compounds 7 {Delhi B.Sc. Hons. 1976) 
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Qualitative Analysis 
(Detection of Elements) 


1. Molecular Diagnosis. —For the investigation and 
characterisation of an organic compound after it has been obtained 
in a pure state, a complete molecular diagnosis is necessary. This 
involves the following steps : 

(o) Detection of Ehmtmts, t>.., the determination of the qualita¬ 
tive elementary composition of the substance. This resolves itself into 
a process of tcsLmg for the elements present in organic compounds. 

(h) Estimation of Elements, t.t., the deiermination of the 
quantitative elementary composition or percentage composition of 
the substance. 

(c) Calculation of the Empirical Formula. The percentage com¬ 
position found above leads to the calculation of the Empirical 
Formula of the substance, 

(d) The di termination of M~lt'uhir Weight, h ading to the eaten 
Li'icm of the Molenilar Formula. 

(Vi Dffiction of Functional groups, 

(/) Estimafioji of Fohctional groups. 

(< 7 ) The determination of the Molecular Struct are. Elucidation 
of the xnoU'cluar constitutio i necessitates a close study of the chemi¬ 
cal relationships of the substances. The formula depicting the 
molecular structure of the substance is calfed structural formula 
and is often confirmed by synthesis. It summarizes the chemical 
behaviour of the substance. 

2. Detection of Carbon and Hydrogen. —Presence of carbon 
in a compound may be assumed if it is dclinitely known to lie an or¬ 
ganic compound whilst hydrogen 
is rarely absent. Many organic 
compounds either burn vnh a 
sooty flame or char when slroi g- 
ly heated. Detection of Carbon 
and hydrogen in a given subs¬ 
tance is, however, carried out by 
oxidising the substaice wiili cop¬ 
per oxide at high temperature. 

A mixture of organic 
compound and dry coppei oxide 
(black) is heated in a dry test 
tube fitted with a delivery tube 
provided with a bulb. The other 
end of the delivery tube is dipping 
under lime water (Fig. Si 


DRY Cat) r ORGANIC 
SUBSTANCE 

/h. 





WATER DR0P6\ 
TURN ANHYDROUS 
CuS&t BLUE 


C0 2 TURNS UME 
WA'tERM/LKY > 


is! 


Fig. 3*1—Detection of carbon 
and hydrogen. 
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Carbon and hydrogen of the organic compound, if present, are 
oxidised to carbon dioxide and water respectively. Carbon dioxide 
turns lime water milky whrreas water condenses in the bulb and 
can be tested with the help of anhydrous {whitt ) copper sulphate 
which turns blue. Differ* lit reactions can be represented as : 

2CuOtC -*2 Cu+CO a 
u()4 2H-»> Cud H a O 

Cupric oxid< r a hygroscopic substance. It should, therefore, 
be carefully ignited before use. Apparatus used should also be 
absolutely dry and lire hum moisture. 

Ifthr* subs\mcc happens tube a volatile liquid or a gas, the 
experiment has *• be modified. The vapours of the volatile liquid or 
the gas aie passtd through wirr-loun copper oxuh healed in a hard 
glass tube and lIk ontcommg gases are lest.'d fin iarbon dioxide and 
water vaj. out uveri above. 

3. Detection of Nitrogen,— The following t(Ms a r r peifiumed 
ro detect thr pie\“i c~ ol nitrogen m an oigunif u»mp »nud 

(ff'i Action of Heal. Organir compounds containu g nitroren 
geriCi.dh gne a burning hair smell when heated trough. A negative 
icMili in uua t( st ij, however, not a prrnl in the absence of 
nitiog, n 

\t\ Soda-lime Test. Many nmogenoin dhmi n compounds 
yield nmrn "m when they air hevted with soda-hine * l.ibt t ,Umn of 
ammonia nil heating the organic rnmjMurd with sodadime 
‘'nnfiiins the pu vjt r'»e of nitrogen jh the organic compound. 

Chf CONH 2 d N.iOIt Cl^fiOONa+MIj 

Acetamide Soda-lirne Sod aceutc Ammonia 

('tfouise, absence of ammonia gas does not confirm absence 
of as all mliogenous rom^xiunds do nor icspoial to this tett, 

c// s mtio- . ud di i^o- compounds 

IApt. I Hca' some urea vulh scda-lwic in a hard glass lest tube and 
test the* ammonia pas evolved 

(r,j Las&aigne’s* Test. A small piece of freshly cut sodium 
UM-tal fp i *v, ) i rnflttd in a small fusion tube and fused with the 
org.uui Miirjoui rl The red-hot Lube is bioken b\ lrmneision in 
cold dusMt d " iter in i dish. The glass pieces boded in water 
to rxtiac* tie 1 a- d rm.ss and filleted. Nitrogen, if present, combines 
with .vidiiui' and aio^jol the oiganir compound to foim sodium 
cyanide. Hu n f o, the pious, therriou, consists in testing the 
solution, s j olv ii’»<n li «’ v ice ol .* evutudi . 

_\a ± C I- N -* NaCX 

'iO.J-an from organic Sodium 

mi-ial compound cyanide 

The n/ h non is made .dk'hne with t lusur soda. if not so 
already. Ir is then n* aled .th a hesh solution ol lei ions sulphate, 
boded a'ui i ooi< d !li# soainon a< idthed with dilute sulphmic 
acid. Appe-u-rfii' e » J a gir n orJ v u>Man blue ndour tOitfunis the 
presence ol nitrogen in the or^aiur compound. 

* Soda-lime is lime which has been slaked with caustic soda solution. 
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Chemistry of the Reaction. Sodium cyanide reacts with 
ferrous sulphate to farm sodium ferrocyanidr, Na 4 Fe(CN) a . 

FeSO< + 2NaCN Fe(CN), 4 Na,S0 4 

Fe(CN) a + 4NaCN -► Na 4 [Fc(CN) B l 

Ferrous cyanide Sod, fcrrocyamoc 

Sodium ferrocyanide reacts with ferric ions produced by 
oxidation of Fe^ by air in presence of OH' to give a piecipitate of 
Prussian blue, Nal 7 err , ; r v r 'X'l fl ]. Sulphuric aTu is added to dissolve 
the bluish green ferrous hydioxide which might otherwise mask 
the Prussian blue precipitate. Ferrous hydroxide is precipitated by 
the action of caustic soda on ferrous sulphate. 

NaJFrtCNJJ + Fe^ -► NaFe[Fc(CN) B ] 4 3Na+ 

Sodium Ferric Sod. lerrtc ferrocyanide 

ferrocyamdc ion (Prussian blue) 

N.B . (1) Sometimes when the amounl of nitrogen present is small, the 
Prussian blue is present in colloidal form and the solution is green. 

(2) If sulphur be present along with nitrogen, metallic sodium combines 
with C, N and S of the organic compound to form sodium sulphocyanide v,hicb 
gives a blood-red colour due to the formation of ferric sulpnocyanide wfl 
addition of feme chloride, 

Na + C t N + S-► NaCNS 

Sod. sulphocyanide 

CNS —► [Fr(CNS'J*+ 

{Blood red in colour 1 

(rf) Evolution of Nitrogen. Lassaigne's test fails in case of 
substances like diazo compounds vihich Jose nitrogen at moderate 
temperatures. In such cases the substance is heated with rnpper 
oxide and the gases evolved arc tested for nitrogen. 

4. Detection of Halogens. —An organic compound is tested 
for the juescnce of I. dogens as follows : 

(а) Beilstein’s Test. A copper wiir is cleaned and heated in 
a flame till it imparts no eoloui to it. Now a small amount of organic 
compound is taken on the copper wire and heated in the flame. 
A green colour, if imparted to the flime, is due to the formation of 
a volatile copper halide and proves the presen. e of a halogen. The 
test is not very satisfactory as sumc compounds not containing 
halogens also respond to it, e.p., uie\i. 

(б) Lagsaigne's Test. The organic compound is fused with 
sodium metal as given under d< lemon ol nitrogen. The filtrate 
contains a sodium halide if the original organic compound contained 
a halogen. Sodium rvanidc mas also be picsent if nitrogen were 
present in the original compound. The liliiale is boiled with con¬ 
centrated nitric arid to get nrl ol anv sodium c\,mide which would 
otherwise give a white p-rcipitaie of silver cvjmide with Silver nitrate 
solution and we will confuse it for silver chloride. 

Friedrich K. Bclbteln (1836-190^)—Russian chemist and compiler of the 
monumental “Hand Book of Organic Chemistry*’— A book in over fifty volumes. 
Beilstein’s test for detection of halogens is due to him. 
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Na 4- X NaX 

Halogen Sod halide 

Na + C + N NaCN 
From org conipd Sod cyanide 

NaCN + HNO a NaNO.+HCNf 

The solution is cooled and treated with silver nitrate solution. 
A precipitate proves the presence of halogen—the colour indicate* 
its nature, viz. % white—chlorine, straw-yellow—bromine and yellow— 
iodine. 

NaX 4- AgN0 3 -► AgX + NaNO s 

Sodium Silver Silver halide 

halide nitrate {precipitate) 

Quicklime may be used in place of sodium. This avoids the necessity of 
decomposing sodium cyanide. The residue is extracted with water and filtrate 
ia tested with silver nitrate solution as given above. 

Sodium metal used in Lassaignc’s test can be conveniently replaced by 
sodium carbonate and sugar mixture or sodium carbonate and zinc dust, or 
magnesium powder and sodium carbonate. 

5. Detection of Sulphur. — Sulphur may be detected in an 
organic compound by either of the following tests : 

(а) Lassaigne’s Test. The organic compound is fused with 
sodium (see, under nitrogen) and the filtrate contains sodium sulphide, 
if sulphur were present in the organic compound. 

2Na-f-S “> Na 2 S 

Presence of sodium sulphide in the filtrate can be confirmed as 
follows : 

(») Treat a test portion with sodium nitroprussidc solution, a 
puzpie colour is obtained. 

Na a S 4Na x [Fc(CN) kl NO!-► NaJ(FeCN) 5 NOS] 

Sod nitroprussidc Purple coloured complex 

(it) To another test portion add lead acetate solution, a blark 
precipitate of lead sulphide is produced. 

Na i S+(CH 3 COO) 2 Pb PbS + 2CH a COONa 

Lead acetate Black ppt 

(%ii) A drop of the filtrate if taken on a silver coin moistened 
with hydrochloric acid produces a black 1 tain. 

(б) Oxidation Test. The organic compound is fused with 
fusion mixture (a mixture of sodium carbonate and potassium nitrate) 
when sulphur, if present, is oxidised to sodium or potassium 
sulphate. 

Na a CO a 4 S + 30 Na a SQ 4 + CO* 

The fused mass is dissolved in water, acidified with hydro¬ 
chloric acid and tested for the presence of a sulphate radical with 
barium chloride solution. A white precipitate with barium chloride 
indicates the presence of sulphur in the organic compound. 

For volatile substances , which do not respond to the above test 
as they evaporate before they can fuse, proceed as under : 

Heat the organic compound with fuming nitric acid in a sealed 
tube* Sulphur, if present, is oxidised to sulphuric acid which gives 
a white precipitate with barium chloride, insoluble in all acids. 
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6. Detection of Phosphorus.—The organic compound is 
fused with the fusion mixture when phosphorus, if present, is oxidis¬ 
ed to a phosphate. The fused mass is extracted with water and 
heated with concentrated nitiic acid and ammonium molybdate. A 
yellow precipitate or coloration on heating and cooling indicates the 
presence of phosphorus. 

Oxidation of phosphorus to phosphoric acid may also be brought 
about by heating with fuming nitric acid, as in the case of volatik 
sulphur compounds above. 

7. Detection of Metals.— A little of the organic compound 
is placed on a platinum foil or in a clnna dish and heated strongly. 
An incombustible residue indicates the presence of metals. It is 
dissolved in an aud and analysed in the way usually employed for 
inoiganic substances. 

QUESTIONS 

Essay Type : 

1 How do you detect carbon and hydrogen in an organic compound 7 

{Calicut B Sc. 1978) 

2. How can you identify halogen 1 ' and nitrogen when they occur to¬ 
gether in an organic compound ? Explain the chemical reactions involved. 

3. Describe bnefl> the tesis used to delect the following elemen s in 
organic compounds : 

(a) Carbon and hydrogen. ( b ) Nitrogen. (c) Phosphorus. 

(d) Sulphur. (e) Halogens. 

Describe the ihemistr> of reaction in each case 

(Punjab B Sc Pan 1 , 1979 I 

4 Describe Lassaignc’s test to detect nitrogen in an organic compound 

coniainmg halogen. (Delhi B St l, i97w 

5 Write a short note on Lassaignc’s test. 

(.Punjab T.D C. Part I, 1979 , Delhi B Sc Hons. Sub 1976) 

Short Answer Type : 

1. While testing for halogens, why is sodium extract in Lassaigne's test 
boiled with nitric acid ? 

2. Soda-lime test for detection of nitrogen is misleading. Why T 
5. Why is dry copper oxide used in the detection of hydrogen 7 

4 . Write equation for the reactions involved in the Lassaigne’s lest used 
for the detection of 

(0 nitrogen, and 
(if) sulphur, 

5. Is Beilstein's test n satisfactory test for detection of halogens T G tve 

seasons. 
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Quantitative Analysis 
(Estimation of Elements) 

1. Introduction. - \Her rl' tralou uf dements the next step 
in the molecular diugnu is ul an compound is its quantitative 

aw'ibjsip* This consists in rMiitiJiiim of various elements posmt. f\r„, 
finding the pcTc^ula/’ ivnipn.ir m of the substance in weight. 
DjfTeri nt methods rnr .hr t 1 jot ih k ryi m til a live determination of 
die proportions of the elnsu nts m .• n organic compound are given 


2. Estimation of Garban and Hydrogen [LitJbig's com* 
hust'rtirk mfitht/d ).— Iis*.,a .rinti iind hyilt*‘gen is invaiinbly 

Carried out simullaiu i u b . '1 'lie nc ‘hod ua*d is oulv an extension 

VS the method dtvTlbrd mi pu;* ] 25 ><>r del etinn of these element* 

PRINCIPLE 

If an oiganir 4 n mound ; s 1 1 »>n**lv heated wkh drv cupric 
oxide, caibon pias’>c > \iihs. A t j \ unm dioxide while hydrogen 
ores'Uit is oxidised :o water \ pnr:\ '1 br* apn u at us is so designed 
ihat tlm carbon (lu xiti** .. '<[ water tnnn r d ran be collected and 
weighed separately. Kie.v'mg the wridU; of these products, per¬ 
centage of caibon and L diogni <\m be < .ilcuJutrd. 

4PP4RATUS USED 

The apparatus u* vi lor tin puipow consists of the following 
units : 


(i) Oxygen Supply. Oxygen is msvd through tubes contain¬ 
ing puinic* stone soaked ai concern atcd sulphuric acid and KOH to 
remove moisture and t.'h. 1 )ty oxygen free from CU 2 thus obtained 
is supplied to the combustion tube. 

(ii) Combustion Tube, It is a luud glass tube AB open at 
brvh ends, about 12-1 5 mm in intern il dinnu ter and about !K) cm 
in length. It is packed as shown in the diagram (V’ig. 4T). A layer 
of wire-form copper oxide hdd between two asbestos pads is placed 
in position and roll of oxidised cupper spiral is placed on its right. 
The end B is next cin>rd by a rubber stopper through which a 
delivery tube passes. On the left side of the wire-fmm copper oxide is 
placed a porcelain boat and an oxidised copper spiral both attached 
to each other and attached to the cork on the left. Thus by pulling 

Liebig Justus, Baron von (1S03-73)—German chemist, a devoted and 
gifted teacher whose laboratory was for many years the Mecca of chemists from 
all Eur ope and beyond. The combustion method for the estimation of rarbon and 
hydrog cn is due to him. 
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out the cork on the left both oxidi/ed copper spiral and porcelain boat 
arc taken out The hard glass tube js heated in a combustion furnace. 


0*iDtS r D 
CC°P£R b* Ai 

<h AJ*r , 


PORCFt A)H 
BOAT 








WIRE-FORM OXIDISED 

COPPER OXIDE /COPPER SPIRAL 

—-—|p£"— 


X 


ASBESTOS 

PADS 


Tig 4 1— Corib j>ti >n lube. 

m Combustion Furnace The furnace used m the cst T - 
mation fil "1 meats bv combust on method consists of simi-tvlm- 
dncal it on ti <\ abour 'Hi cm lon n ud li ir d with asbestos The iron 
i ibe ] 1 u » d m tot lutn.ue is htatul In i row of gas bui Tiers filled 
in llu in i < ' md is ki pi co\ rrr d at the top by Lf-iLn ah s. 

f i Vba>eption Apparatii> The products of combustion 
are cuoun dn»\ide and vvaur v,ip u . The apn.ii itns used m** ibsnip* 
♦■ion ol i In <-c < oi s» as ni 


'cij A vs 4 hr cl tali nun i u’ uu\ tube (onioning g'anuLttd 
(not (use d ) j id mi \ i d c alt iui j chi t id * to ,»1> > b w Uu ap r T d 

[fj) Pot ish bulbs coat u mu jl* jxi nit t mstic potash solui on 
to absoib c u >on dioxide 


Cs-CL/Time WEIGHED 
along wrm potash bil bs 



bulbs 

Fig 4 2—Absorption apparatus. 

A smah i ili mm c blonde tube is weighed along with the not sh 
bulbs to absorb any moisture that the bubbling g<wts art hLcls to 
take away wuth tlunn fi um the potash bulbs* 

In a model a absorption app^ntus the potu>h bulbs and the 
v-ajcium tldmide tube weighed along wuh the potash bulbs are 

* The calcium chloride used must be free from any lime or bas'e 
chloride present b> mating with carbon dioxide 
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replaced by a weighed U-tubc filled with saphnolite (a resin). This 
absorbs carbon dioxide and changes from red to white. The increase 
in weight of the saphnolite tube gives the weight of carbon dioxide. 
Thus a modern absorption apparatus consists of a calcium chloride 
tube to absorb water vapour, a saphnolite tube to absorb carbon 
dioxide and a guard tube to ward off the atmospheric moisture. 


DRY 



CaCt 2 SAPHNOLITE 

(Absorb s Water Vapojr) ( Absorbs C0 2 ) r 


Fig 4 3 — Mo lern absorption apparatus 

PROCEDURE 

(i) The rominhtimi tub' i c pluctd in the furnace and connected 
at the end A «.o a Du a hr I containing concentrated sulphuric 

acid, to gaufrr the raLe ol lli»\v of gas. At the’end B it is connected 
to an unweighed ealuum c blonde tube {guard tube.) to prevent mois¬ 
ture from air diffusing back into the tube. 

( ii) It is then tieatnl m a current of dry oxygen for about half 
an hour. This drives off anv moisture or carbon dioxide from the 
tube and ensures complex* oxiH it.on of the copper spiral and copper 
oxide. 

(in) Next the humors heating the lrtt half of the tube arc put 
off and the tube is cooler!. 1'he porcelain boat and the copper 



Pig. 4*4—Ectinmbou of carbon and hydrogen > 
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spiral arc taken out momentarily. About 0‘2 gram of the carefully' 
dried organic compound is weighed out in the porcelain boat as such' 
or obtained in a bulb (for volatile liquids ) and the boat is replaced. 

(»«) Now the guard tube is detached from the end B and the 
absorption apparatus connected as shown (Fig. 4*4). A guard tube 
attached to the absorption apparatus serves to prevent any 
atmospheric moisture from coming in. 

(») The burners are next lighted first under the oxidised copper 

S iral and then under the boat. Heating is continued for about 
ree hours in a current of dry oxygen. 

(vi) When the reaction is over, the absorption apparatus is diflH 
connected and weighed. 


Calculation. Increase in weight of calcium chloride tube gives 
the weight of water produced (~x g, say) and increase in weight of 
saphnolite tube gives the weight of carbon dioxide (=y g, say) produced 
by the combustion of organic compound (W g, say). From these weight* 
the percentage of carbon and hydrogen is calculated as follows : 

Since 44 parts by weight of carbon dioxide (CO a ) contain 12 
parts by weight of carbon, the amount of carbon present in y g of 

12 

carbon dioxide=^X ^ g. 

This much carbon is present in W g of the substance. 

Hence percentage of carbon in the compound=y X 

4 * W 

Similarly, as 18 parts by weight of water (H a O) contain 2 parts 
by weight of hydrogen the amount of hydrogen present in x g of 

2 

watcr=a: X - - g. 


This much hydrogen is present in W g of the substance. 
Hence percentage of hydrogen in the organic compound 


=xX 


y 100 

18 ' W 


Hence percentage of C=Wt of CO a X - — X - - 

r 44 Wt ol substance 

and percentage of H=\Vt o) H 2 Ox-^-X- 


Precautions, (i) Combustion tube and its contents should be 
free from moisture and carbon dioxide. 

(ii) Flow of air through the combustion tube should be properly 
regulated. 

NECESSARY MODIFICATIONS 

(a) If the substanct contains nitrogen, it would be oxidised 
to oxides of nitrogen which are absorbed in the jx>tash bulbs. A 
bright copper gauze spiral is placed near the exit. This reduces the 
Oxides of nitrogen to nitrogen gas which escapes unabsorbed. 

TOC-I—12*82-1 
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(6) If the substance contains halogens, volatile copper 
*halidc9 arc produced and absorbed in one part or the other of the 
absorption apparatus. A roll of silver is placed near the exit* This 
*helps to decompose these copper halides and form non-volatile silver 
'halides. 

(c) In rase the substance contains halogens and sulphur, 

a layer of lead chromate is placed near the exit. This is an oxidising 
agent and forms non-volatile lead halides and reacts with sulphur di¬ 
oxide formed during combustion to form lead sulphate (non-volatile). 


NECESSARY MODIFICATIONS 


(a) ir the substance contains nitrogen or sulphur, these will be oxidised 
to NO* and SO s -f S0 3 and will be absorbed in potash bulbs. The gases are, 
therefore, first passed over heated lead dioxide and then admitted into the ah ■ 
sorption apparatus. Lead dioxide absorbs NO* forming lead nitrate and SOj or 
SO, forming lead sulphate. Lead sulphate can be separated and weighed. From 
this we can calculate the percentage of sulphur. Carbon, hydrogen and sulphur 
can thus be estimated in one operation. 

(b) If the substance contains both nitrogen and halogens, the products oT 
combustion arc passed over a heated silver spiral placed in a porcelain boat and 
then admitted into the absorption apparatus. The oxides of nitrogen are reduced 
to nitrogen gas which escapes. The halogen gives silver halide. Percentage of 
halogen can be calculated from the increase in weight of silver spiral. Carbon, 
hydrogen and the halogen can thus be estimated in one operation. 

3. Estimation of Oxygen .—Until recently there was no 
aatishictory method f'*r direct estimation of oxygen in an organic 
compound. After finding the percentage of vaiious elements present 
other than oxygen, percentage ol oxygen was calculated by difference 
as illustrated in the following example : 

Example I. 0'2< f </ of an organic cc?nponnd containing carbon, 
ifdrofjrn and orygm yielded on combustion O'14? g carbon dioxide and 
'12 g uaUr. Calculate the percentage composition of the substance. 

Weight of organic compound taken- 0*20 g, 

,, ,, carbon dioxide produced^O'147 g. 

„ „ water produced «=012 g. 


Percentage of carbon = Wt of CO t x — x-_ 

44 Wt of substance 

Percentage of hydrogen ~Wt ofH.O x T 2 X- — — ^- 

IS Wt of substance 

“ 012 x lT 


Percentage of oxygen (by difference)-- 100-(20 04+6 66)=73'30. 


There is now, however, a direct semi-micro method for 
estimation of oxygen. The organic compound is subjected to 
pyrolysis in a stream of nitrogen. The products are passed over 
heated carbon at 1393K when all the oxygen in products is converted 
into carbon monoxide. The carbon monoxide is then passed over 
iodine pentoxide, and the iodine liberated is estimated tilrimetricaJJy. 
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4. Estimation of Nitrogen. —Nitrogen present in an organic 
compound may be estimated in several ways but orily three methods 
are commonly employed. These are : 

(i) Dumas’ method, («) KjeldahTs method, and 
(in) Ter Meulcn's method* 

5. Dumas' Method. —This method, which is applicable to all 
organic compounds containing nitrogen, is also a combustion method 
like one used for the estimation of carbon and hydrogen. 

PRINCIPLE 

The method is based upon the fact that when an organic com- 

C ound is heated strongly with copper oxide and the products of com- 
ustion passed over a bright copper spiral, carbon, hydrogen ant 
sulphur are oxidised to carbon dioxide, water and sulphur dioxide, 
respectively. These can be absorbed in caustic potash solution. 
Nitrogen, if oxidised, will again be reduced to nitrogen by reduced 
copper spiral. From the volume of nitrogen collected over caustic 
potash, percentage of nitrogen can be calculated. 

APPARATUS USED 

The apparatus used for the purpose as shown in Fig. 4‘5 con¬ 
sists of : 

(i) Carbon dioxide generator. The current of oxygen is 
replaced in niliogen estimation by a current of carbon dioxide which 
may contain watei vapour but it must be Tree from nitrogen. The 
carbon dioxide generator often consists of a hard glass tube containing 
magnesite (MgC0 3 ) or a Kipp’s apparatus containing marble and 
dilute hydrochloric acid. 

Heat 

MgCO a -► MgO+CO, 

Magnesite 

CaCO a +2HCl -* CaClt+COi+HiO 

Marble 


(tt) Combustion Tube. It is a hard glass tube open at both 
ends, about 12-15 mm in internal diameter and about 90 cm in 


length. 

furnace. 


It can be placed in an iron tube and heated in a combustion 
The combustion tube is packed as shown in Fig. 4*5. 


Near the entrance on the left is an oxidised copper roll. Next 
is a layer of fine copper oxide mixed with a known weight of the 
organic compound held in position between two wire-gauze plugs. 
This is followed by a layer of wire-form copper oxide similarly 
placed between two wire-gauze plugs. Near the exit on the right is 
placed a bright copper spiral. 

(tii) Combustion Furnace. It consists of a semi-cylindrical 
iron tray about BO cm long and lined with asbestos. The iron tube 
placed in the furnace is heated by a row of gas burners fitted in the 
iron tray and is kept covered at the top by the fire-clay tiles. 


n —me Jyfli Baptiste Andre (1800-34L French chemist, conducted 
important researches on organic compounds. The combustion method fos the 
estimation of nitrogen is due to him. 
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(itO SchifiTa Nitrometer. It is a graduated tube filled with 
caustic potash solution and provided with a funnel and a tap at its 
upper end and two side tubes near the lower end. One of the ride 
tubes is connected with a caustic potash solution reservoir and the 
other with the combustion tube. A little of mercury at the bottom 
acts as a seal. 

PROCEDURE 

The apparatus is fitted as shown, and a known weight of 
organic substance mixed with fine copper oxide is placed in position. 
The combustion tube is put in an iron tube and placed in the com- 


COARSE COPPER OXIDE 



bustion furnace. A current of carbon dioxide is now passed through 
the combustion tube. When no more air bubbles collect in the 
nitrometer, it shows that whole of air has been displaced. Upper 
tap of the nitiometer is now opened and the reservoir is raised till 
the caustic potash solution level reaches the tap which is then closed. 
Burners are now lighted first under the sides and then undrr the 
portion containing copper oxide and the substance. 

Fine and coarse copper oxide oxidise the organic compound ; 
oxidised copper spiral oxidises any substance which tends to diffuse 
that side while bright copper spiral reduces any oxides of nitrogen 
to gaseous nitrogen. 

2NO + 2Cu-*2CuO + N a 

All products of combustion, e.g. t carbon dioxide, water vapour 
and sulphur dioxide, are absorbed by caustic potash except nitrogen 
gas which collects in the nitrometer. 

When the combustion is complete, a rapid stream of carbon 
dioxide is passed through the combustion tube to sweep away the last 
traces of nitrogen. The volume of nitrogen is now noted after careful 
levelling (making level of caustic potash solution in the two limbs 
equal). Room temperature and the pressure are also noted. 

CALCULATIONS 

Knowing the volume, pressure and temperature of nitrogen 
collected, its volume at NTP is calculated. Then its weight is 
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calculated from the relation that 22*4 litres of nitrogen at NTP weigh 
28 g. . 


Percentage of Nitrogen** 


Wt of Nit rogen X 100 
Wt of organic substance 


Example 2. 0‘2046 g of an organic substance gave 30*4 c n* 
of moist nitrogen measured at 288K and 7 32' 7 torr. Calculate the 
percentage of nitrogen in the substance. [Aq. tension at 288K is 12‘7 
torr . One litre of nitrogen weighs P25 g at NTP.] 

Weight of organic substancc|takcn=0‘2Q46Jg. 

Volume of Nitrogen calculated at NTP. 

Pi-30‘4 cm 1 

Pi-732‘7-12’7-720 torr. /> a =760 torr. 


Ti-288 K 


r,=273 K 


V r 


PiViT* 
' TyP* 


720 x 30*4 x 273 
268x760 


=■27*30 cm 1 . 


Wt of 1 cm* of N, at NTP-^^-= 00125 g 

100 

Percentage of Nitrogen—Wt of Nitrogen x w 0 f su b 


-Vol of N„xWt of I cm 3 x 

* Wt of *ub 

f on 

*=27'30X*00125 =>16*68. 

6. Kjeldahl s Method .—This is a very convenient method 
generally used for the estimation of nitrogen in agricultural and 
biological laboratories. 


PRINCIPLE 

The method depends upon the fact that most of the organic 
compounds containing nitrogen arc quantitatively decomposed to 
give ammonium sulphate when heated strongly with concentrated 
sulphuric acid, 

PROCEDURE 


About 0‘5 g of the organic compound is accurately weighed* 
mixed with about 10 g potassium sulphate, 20 cm 3 concentrated 
sulphuric acid and a drop of mercury or 1 g CuS0 4 and heated in 
a long-necked Kjeldahl’s flask (Fig. 4*6). Potassium sulphate is used to 
raise the boiling point of sulphuric acid whereas mercury or CuS0 4 
acts as a catalyst. First of all, the contents darken, and then clear up 
again indicating that the whole of nitrogen has been quantitatively 
converted into ammonium sulphate. 

The contents are now taken in a round-bottom flask and the 
apparatus is fitted as shown in Fig. 4*^. Strong caustic soda (40%) 
solution is added from the dropping funnel and the flask is heated. 
Ammonia liberated is bubbled through a known volume of a stand¬ 
ard acid. Some of the standard acid is neutralized while the remain* 
ing acid, left over in excess, is back-titrated against a standard alkali. 
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Fig. 4'6—KjcldahTs Fig. 4*7—KjcldahTs method 

flask. for estimation of nitrogen, 

CALCULATIONS 

Let V cm 8 of ^-normal acid be used up for neutralization of 
Ammonia evolved when W g of substance is kjeldahlised. 

V cm 4 of ^-normal acid»F cm* of ^-normal ammonia* 

1000 cm 1 of normal ammonia contains 17 g of ammonia 
(NH*) or 14 g of nitrogen. 

Nitrogen present in F cm 3 of TV-normal ammonia 
14 


1000 


X KxAT=0*014 NV g. 


100 


The percentage of nitrogen=Wt of nitrogen X Q f su b 

100 1’4JVT 


==0-014 NVX- 


W 


W 


where 


and 


N =normality of the acid \istd up 
volume „ „ „ „ „ 

IF=Wt of the substance kjeldahlised. 


Example 3. 0'1560 g of a nitrogenous substance was kjeldahlised 
and the ammonia gas evolved from it was absorbed in 60*25 cm* of 
NI10-HJSO a . After absorption , the excess of the acid required 16 m 50 cm* 
of N/10-NaOH for exact neutralization. Calculate the percentage of 
nitrogen in the substance. 

Wt. of substance kjeldahlised (IF)—0*1560 g 
Total N/10-HgSOi taken —b0’25 cm 1 . 
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Let r cm* of thii acid be left over unused. This requires 16*3 cm* of 
N/ 10-NaOH for back-titration. 


Writing normality equation, we have 
r cm 1 of N/10-H»SO,« 16 5 cm* of N/lO-NaOH 
Applying normality formula, NjVj.-N^i, we get 


or 


v—16*5 cm 1 . 


i.e., vol. of the acid left over — 16 5 cm*. 

or vol. of the add used (F) for neutralization of ammonia 


■=60*25 —16*5=* 43*75 cm* N/LO-H a SO, 
Now percentage of nitrogen- 

7. Estimation of Halogens.— Carias Method. 
PRINCIPLE 


Garius method for 
estimation of halogens 
depends on the fact that 
when a substance con¬ 
taining halogens is heat¬ 
ed in a sealed tube with 
fuming nitric acid in 
presence of silver nitrate, 



FUMING 
\HWt+Aym 


/RON m 
BOMB FURNACE 
ORGANIC SUBSTANCE 


Fig. 4*8—Carius method for 
estimating halogens. 

silver halide is formed. From the amount of silver halide produced 
the percentage of halogen is calculated. 

PROCEDURE 


An accurately weighed quantity of organic compound is taken 
in a narrow ‘weighing tube 1 and lowered into a 'bomb tube’ contain¬ 
ing fuming nitric acid and silver nitrate crystals. Upper end of the 
bomb tube is carefully sealed. It is then enclosed in kn iron tube and 
heated strongly in a bomb furnace (Fig 4 B). Organic compound 
breaks up and the halogen present gives a precipitate of silver halide. 

After about six hours the tube is cooled and » ,k s upper end soften¬ 
ed when gases present inside under pressure esca^ The tube is then 
broken and the precipitate of silver halide washed, dried and weighed. 

CALCULATIONS 

One gram molecular weight of silver chloride, AgCl (108+35"5 
-*143'5 g) contains 35*5 g of chlorine. 

Hence weight of chlorine present in a certain weight of silver 
chloride=Wt of AgClX^^ 

Percentage of chlorine=Wt of AgCl X X 

Similarly, 

Percentage of bromine=Wt of AgBr X — -—p X ^V t of^ub ~ 
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Percentage of iodine=Wt of AglX 


127 

235 


100 

Wt of sub 


Example 4. 0‘1890 g of chlorine -subs tituted substance gave in a 

Carius determination 0*2870 g of silver chloride . What percentage of 
chlorine did the substance contain ? 

The whole of the chlorine present in the substance is converted into silver 
chloride. Also one molecule of silver chloride, AgCl (mol mass—108+35*5-» 143*5) 
contains one atom of chlorine (At mass=35'5), i.e. t 143*5 parts by weight of silver 
chloride contain 35*5 parts by weight of chlorine. 

orO’2870 g of AgCl contains 0*2B70x— ^ g of chlorine 
Wt of substance taken—0*1 B90 g 

.'.Percentage of chlorine—0*2870 x-“^-X —37*57. 

8 . Estimation of Sulphur. —The principle underlying 
Garius method for estimation of sulphur is essentially the same as in 
the estimation of halogens. It, however, differs fiom the one given 
above in fact that no silver nitratr crystals are taken in the bomb tube. 
Organic sulprflir present is oxidised to sulphuric acid here. The 
contents of the tube are treated with barium chloride when a white 
precipitate of barium sulphate is obtained. This is washed, dried 
and weighed. One gram-molecular weight of barium sulphate, 
BaSO*(137 + 32-h64=:233 g) contains 32 g of sulphur (At mass=*32). 
From the weight of the barium sulphate precipitated, the percentage 
of sulphur in the organic compound is calculated as follows : 

12 1 nn 

Percentage of sulphur—Wt of BaSO* X 7 ^ 5 -X —ttt—?— r 
1 233 Wt of sub 


Example 5. O'2595 g of an organic substance in a quantitative 
analysis yielded O'35 g of the barium sulphate. Calculate the percentage 
of sulphur in the substance. 

Weight of organic substance taken *=0*2595 g 
„ „ barium sulphate obtained—0'35 g 


Percentage of sulphur= Wt of BaSO* x ^ X 

^0-35 x - 3 -^ x 100 
° 35 X 233 0 2595 


100 

Wi of sub 
*18*52. 


9. Estimation of Phosphorus.—The Carius Method for 
estimation of phosphorus is similar to that for sulphur. Here phos¬ 
phorus present is oxidised to phosphoric acid which is precipitated 
from t! contents with magnesia mixture. The precipitate of mag¬ 
nesium mmonium phosphate is ignited and magnesium pyrophos¬ 
phate h It as residue is accurately weighed. 

2MgNH 4 P0 4 -► Mg 2 P a 0 7 + 2NH,+H t 0 

Magnesium Magnesium 

amm phosphate pyrophosphate 

One mole of magnesium pyrophosphate, Mg 2 P*0 7 (4B-|-62+112 
=222g) contains 62 g of phosphorus. 

62 100 

JHence percentage of phosphorus—Wt of Mg a P,0 7 X X Wt of sub 

'10. Micro*Analysis.—When only a few milligrams of an organic compound 
exe available, micro-analysis has proved extremely helpful. It requires 3-5 mg 
of the substance for each estimation. Bask principles for various estimations 
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are the same as discussed before. Weighings are ifcirt In micro balahcai 

■cnsitive up to 0 001 mg. In semi-micro method 20-25 the sub^'tanql 

la taken for each estimation. 


QUESTIONS AND PROBLEMS 

1 . Describe, with the help of a diagram, the esfigftating car¬ 

bon and hydrogen in an organic compound, indicating clearly ih erne tho d of 
filling the combustion tube. 

2 . Describe Dumas method of estimating the percentage of nitrogen in 
organic compounds. 

3. Describe in detail Kjcldahl’s method for the estimation of percentage 
or nitrogen in an organic compound. 

4. Describe Carius method for the estimation of (0 Phosphorus, (H) 
Halogens and (Hi) Sulphur. 

Estimation of C, H and N (Danas Method) 

5. (0 0 15 g of a base gave on ignition 0*3B82 g CO B and 01160 g 
H a O. ( ii) Its 0*35 g gave 17 6 cm* of N 2 at NTP. 

Calculate the percentage composition of the base. 

6 . An organic compound gave the following results on analysis : 

(а) 0 73 g of the compound gave 1 ’32 g of carbon dioxide and 0*6 g of 

water. 

( б ) 0 365 g of the compound gr. x 56 cm* of nitrogen at NTP. 

Calculate its percentage compos.uon 

Estimation of N (KJeldahl's Method) 

7. An organic compound gave the following results on analysis : 

(/) 0118 g of the compound gave on combustion 0*264 g of carbon 
dioxide and O’162 g of water. 

(ii) 0 354 g of the compound on treatment with Kjeldahl’s method gave 
ammonia which was absorbed in 70 cm* of N/5-H y S0 4 . The excess of the acid 
required 40 cm* of N/5-NaOH for complete neutralization. 

Calculate the percentage composition of the compound. 

8 . 0*2033 g of an organic compound gave on combustion 0*3780 g CO g 
and 0*1288 g H e O. 

0*257 g of this substance was digested with cone H 2 SO 4 , reaction mixture 
distilled with excess NaOH and the ammonia thus evolved was absorbed in 50 cm* 
of 01 N-HC1. The unreacted HCI then required 23 20 cm* of N/2Q-NaOH in 
volumetric estimation. Calculate the percentage composition. 

Estimation of Halogens, S and P (Carius Method) 

9. 0*301 g of an organic compound gave 0*282 g of silver bromide by 
halogen estimation method, find the percentage of bromine in the compound. 

10 . 0*32 g of an organic compound containing sulphur was heated in 
a Carius tube and the sulphuric acid formed was precipitated as BaS0 4 with 
BaCl,. The weight of dry BaS0 4 was 0*2334^g. Calculate the percentage of 
sulphur in the compound. [Ba— 137*4] 

11. 0*31 g of an organic substance was heated with fuming nitric acid 
in a Carius tube. The phosphoric acid formed was precipitated as MgNHaPO* 
which on ignition left O J48 g of Mg^PgOy. Calculate the percentage of 
phosphorus in the organic substance. 

ANSWERS 


5. C=70’58% 

6. C—49'31% 

7. C=61*01% 
B. C-50’71% 
9. 39*867% 


; H= 8*59% 
; H=* 9*59% 
; H* 15*25% 
; H=* 7*04% 
10 . 10 * 00 %. 


; N= 6 28% 

; N-19'18% 

; N=23*73%, 
i N-21% 

12. 13*33%. 


; 0—14*55%. 
; 0-21*92%. 


0-21*25%. 






Determination of Molecular Weight 


1. Molecular Weight is a Number. —Molecular weight of 
a Buhstance is the relative mass of the molecule as compared with the 
mass of an atom of carbon ( l2 C isotope) taken as 12 amu. It is only 
a number, by saying that molecular weight of acetic acid (Ggl^Oj) 
is 60, we mean that the molecule of acetic acid is 5 times as heavy as 
an atom of carbon. 


Weight of a substance expressed in grams numerically equal to 
its molecular weight is termed its gram-molecular weight or gram- 
molecule or mole. 

2. Molecular Weights of Volatile Substances. —Molecular 
weights of volatile liquids and solids can be easily determined by 
converting a known mass (say, w g) of the substance into vapour. 
The volume of the vapour obtained is measured under atmospheric 
conditions and then reduced to NTP (say, v cm 3 ). Therefrom the 
mass of 22,400 cm 3 of the vapour at NTP (gram molecular 
volume) is calculated. This gives the gram molecular weight. 


Thus 


Mol wt 


w X 22,400 


3. Victor Meyer's Method.— In this method a known weight of the 
volatile substance is vaporized in a Victor Meyer's tube. The vapours obtained 
displace an equal volume of air into a graduated tube. The volume of air oollected 
is measured and reduced to NTP. 

4. Molecular Weights of Non-volatile Substances.—Every 

liquid freezes and boils at fixed temperatures and the effect of addi¬ 
tion of a solute to it is such as to take the two fixed points farther 
from each other, i.e., the melting point is lowered while the boiling 
point is raised. The depression of freezing point or elevation of 
boiling point is, however, found to be proportional to the amount of 
solute added to a known weight of the solvent. This is used in 
determination of molecular weights of non-volatile substances. The 
two methods employed are : 

(a) Depression of Freezing point or the Gryoscopic 
Method. Depression in freezing point of a solvent produced by dis¬ 
solving 1 mole of any solute in 1000 g of the solvent Is called its Molal 
Depression Constant (K /). 

For example, molal depression constant of water—1'86, i.e., 
dissolution of 1 mole of any solute in 1000 g of water produces a 
depression of TB6K in its freezing point. 
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The depression in freezing point (“AD noted experimentally 
by dissolving w g of the solute (mol wt»») in W g of the'aohrentr 
Is related to its molaJ depression constant, K/ as given below : 

1000K,u> 
m= AT W 

The molal depression constants for some common solvents are given 


Water = 1*86 
Acetic acid-3*9 


Benzene-512 
Phenol —7’3 


Example 1. 1'S g of a substance when dissolved in 60 g of 

water lowered the freezing point by 0*136 K . The molal depression con¬ 
stant for water is 1‘86. Calculate the molecular weight of the substance . 

Putting down the data : 

Weight of the substance (w) =1*5 g. 

„ „ solvent (}V) — 60 g. 

Depression of freezing point (AF) —0* 136 K 

Molal depression constant ( Kf ) <-1*86 

Molecular weight of the solute (m) —7 

Substituting these values in the relation : 

1000XV w 

£tW~’ wc have 

1000X 1'86 x 1’5 .... 

0136x60 - 341 9 

Mol wt of the substance —341’9. 

(b) Elevation of Boiling Point or Ebullioscopic Method. 

Elevation in boiling point of a solvent produced by dissolving 1 mole 
of any solute in 1000 g of the solvent is called its molal devotion 
constant (Kt,). For example, molal elevation constant of water is 
0*52, i.e., dissolution of 1 mole of any solute in 1,000 g of water 
produces an elevation of O'52 K in its boiling point. 

The elevation in boiling point (AT) noted experimentally, by 
dissolvings g of the solute (mol wt.=m) in IF g of the solvent, is 
related to its molal elevation constant, Kt as given below : 

lOOOif* ip 
A T W 

The molal elevation constants for some common solvents are given 


below : 


Water =0'52 
Benzene =2*53 
Ether =202 

Acetone =1*71 


Chloroform 
Ethyl alcohol 
Acetic acid 


Example 2. The boiling point of pure acetone is 329'38 K at 
normal pressure. A solution of O'707 g of a compound in 10 g of acetone 
boiled at 329'88 K. What is the molecular wight of the compound ? 
{K\ for acetane=l’67 ) 
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7. Volumetric Method for Acids or Boses.— A known 
weight of the organic add is dissolved in water or alcohol and titrated 
against a standard alkali. Knowing the volume of the alkali used, 
we calculate the weight of the add (=«/ g, t say) which requires 
1,000 ml of a normal alkali solution for exact neutralization. 

1,000 ml of the normal alkali contains one gram equivalent 
weight of the alkali and must, therefore, neutralize one gram equi¬ 
valent weight of the acid (=t/ g here). 

Gram equivalent weight of the acid=j/ g 
and Eq wt of the acid— y 

Mol wt of the acid —Eq wt X basicity =yxn. 

In the case of organic basrs, the known weight is titrated 
against a standard acid. Gram equivalent weight of the base is the 
weight of tile base which needs 1,000 ml of the normal acid for exact 
neutralization. 

Mol wt of the base==Eq wt X acidity. 

Example 5. 0'0903 g of a tribasic acid dissolved in water 
neutralized 25’20 cm 3 of Njl2 sodium hydroxide* Calculate the molecular 
weight of the acid. 

iS’lcm* of N/12-NaOH sO'OTO g of the acid 

i,™ » f mm 000 x12 

1000 cm' of N-NaOHa --- — 

(Contains 1 gram eg wt of NaOH) ^ 

bb 43 g of Ihe acid. 

mi gram equivalent weight of add 

Bf vr Iftentf mil 

Its molecular weight mtzq wt x Basicity (-=3 here) 
sa43x 3-129. 

Example 6. O’183 g of a rnonoacid organic base requires 
16 cm 3 of NjlO-HCl for exact neutralization . Calculate the molecular 
weight of ihe base* 

15 cm 1 of N/10-HCta0-183 g of the base 

1000 cm* of N-HCloi _°J.«3x 1000x1 

{Contains 1 gram eq wt of the acid) 

m122 g of the base 
=>1 gram eq wt of the base 
Eq wt of the base—122 
Its molecular weight ^=Eq wtx acidity (—1 here) 

-122X1-I22. 


To the Students. Common examples of a mono-acid base are CaHiNH^ 

.NH, 

ethylamine and C g H I NH, ( aniline whereas phenylenediamine is a 

^NH, 


diadd oasc. 
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QUESTIONS AND PROBLEMS 

1. How is the molecular weight of an organic substance determined 7 

2. Describe a method for determination of molecular weight of (/) an 
organic base, and ( ii) an organic acid. 

Mol wt by VD Method 

3. 0*067 g of a substance on vaporization displaced 25*4 cm 1 of air 
measured at NTP. Calculate the molecular weight of the substance. 

Mol wt by Depression of FP Method 

4. 13 6 g of a substance, when dissolved in 20 g of water, lowered 
its freezing point by 3*7 degrees. When *>re mole is dissolved in 100 g of water, 
the depression of freezing point is IK j degrees. Calculate the molecular weight 
of the substance. 

5. 2167 g of a substance dissolved in 100 g of benzene depressed 
the freezing point of benzene by 0*348K. What is the molecular weight of the 
substance ? Assume molal depression of freezing point of benzene to be 5 per 
1,000 g of solvent. 

Mol wt by Elevation or BP Method 

6 . 1234 g of an organic compound when dissolved in 30*26 g of 
chiorotorni raised the boiling point by i 210K. Calculate the molecular weight 
of the organic compound. Molecular clnation of boiling point for 100 g of 
chloroform is 37*86. 

7. 0*3 g of camphor added to 25 2 g of chloroform raised the boiling point 
of the .solvent by 0 229K. Calculate the molecular weight of camphor {Kb 
for 1,000 g of chloroform is 3 8). 

Mol wt of Acids by Silver Salt Method 

8 0*447 g of the silver salt of a dibasic acid gave 0*324 g of silver 

on ignition. Calculate the molecular weight of the acid. 

9. The silver salt of a dibasic organic acid contains 71*05% of silver. 
Calculate the molecular weight of the acid. 

Mol wt of Bases by Platinlchloride Method 

10. 0*300 g of the platinichlonde of a mono-acid primary amine gave 
0*09375 g of platinum on ignition. Calculate the molecular weight of the amine. 

11. 0*5% g of platinichlonde of a monoacid organic base left on ignition 
0*195 g of platinum. Calculate the molecular weight of the base. 

Mol wt by Volumetric Method 

12. 0*177 g of a dibasic acid required 30 ml N/10-NeOH for neutralization. 
Calculate the molecular weight of the acid. 

13. 0*2 g of a inbasic acid required for neutralization 27 ml of N/10- 
NaOH solution. C alculate the molecular weight of the ami. 

14. 0*637 g of a tri-acid base required for exact neutralization 21*6 cm 1 
of N/2-HC1. Calculate the mol weight of the base. 

Miscellaneous 

15. What is the minimum molecular weight that may be assigned to a 
compound which contains 38% sulphur ? (At wt of S^32). 

ANSWERS 

3. 59*09. 4. 340. 5. 311*3. 

7. 151*3. 8. 104. 9. 89*8. 

It 93. 12. 118. 13. 222 2. 

15. 84*21. 


6. 127*6. 
10. 107, 
14. 177*2. 
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Empirical and Molecular Formulae 


1. The Empirical Formula. —Knowing the percentage com¬ 
position and molecular weight of a substance, we proceed further to 
calculate its formula. The first step in this direction is the calcula¬ 
tion of its simplest or empirical formula. The simplest formula of a 
substance capable of expressing its percentage composition is called its 
Empirical or simplest formula. It gives the simple, ratio exist¬ 
ing among the numbers of different kinds of atoms present in the 
molecule but does not indicate their actual number . 

For example, CH a O is the empirical formula of glucose and 
from it we can calculate its percentage composition. It gives us the 
simple ratio between atoms of the various elements present as 
C : H : O : : I : 2 : 1. Thus, as far as the present information goes, 
the glucose molecule may contain I atom of carbon, 2 of hydrogen 
and 1 of oxygen ; or 2 atoms of carbon, 4 of hydrogen and 2 of 
oxygen ; or any other multiple of the simple ratio expressed by the 
empirical formula. 

2. Calculation of Empirical Formula from Percentage 
Composition. —Wc are given a box full of glass beads : 20% by 
weight being red each weighing 5 g, 30% by weight being yellow 
each weighing 10 g and the other 50% by weight being blue each 
weighing 25 g. The relative number of red , yellow and blue beads 
can be easily found by dividing the percentage of each by its weight . 

Red=20-r5*=4; YeUow=30~10=3 ; Blue=r5(K-25=2. 

Thus we see that for every 4 red beads, there are 3 yellow 
ones and 2 blue ones. 

In a similar manner knowing the percentages of different 
elements in a molecule and their atomic weight, wc can find the 
relative number of various atoms present therein. From these we 
can find the simplest whole number ratio between various atoms 
present and thus write the empirical formula of the compound. 

Different steps involved in the calculation of the empirical 
formula of a chemical compound from its percentage composition 
are : 

(i) Divide the percentage of each element by its atomic weight. 
This gives us the relative numbers of atoms . 

(it) Find the ratio of quotients by dividing each one by the 
smallest quotient. This is the simplest ratio existing among the 
various atoms present. 
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(in) If the ratios are fractional, reduce them to the smallest 
possible whole numbers by multiplying throughout by a suitable 
integer. This gives the simplest whole number ratio. 

(it?) Write down the symbols of various elements present side 
by side with the above numbers as subscripts to the lower right comer 
of each. This gives the empirical or the simplest formula* 

3. The Molecular Formula .—The formula which gives the 
actual number of atoms of various elements present in the molecule of 
the substance is termed its Molecular Formula. It is either the same 
as the en lirical formula of the substance or a simple multiple of it, 


Molecular formula — (Empiriral formula)*, 

where n is a whole number and is the ratio between the Molecular 
weight and the Empirical formula weight of the substance, i.e., 

n== Molecular weight 

Empirical formula weight 

For example, CH a O is the Empirical formula for acetic acid, 
with Empirical formula weight —30, Its molecular weight—60 

n= _ Molecular weight _ 60_ ^ 

Empirical formula weight 30 
and its Mcircular formula is (Empirical formula) 2 , 

i.p„, (CU 2 0) t or C 2 H 4 O a , (CH*COOH) 


Example 1. An organic monobasic acid analysed as follows : la) 
0*7.935 g gave 0 1320 g of C0 2 and 0 0270 g of tl % 0 ; (b) it contains 
55‘04% of chlorine ; (c) O'2709 g of the acid dissolved *n water neut¬ 
ralised 25’20 cm 3 of N/I2 sodium hydroxide . Calculate the empirical 
and molecular formulae of the acid . 

(i) Calculation of Percentage Composition : 

inn 

Percentage of carbon =Wt of CO, \ — X ————r- 

' 44 Wt of substance 


-“• ,320x ^ x ¥1W 


= 18-6. 


P "“"' a *' of hydrogen-=YVl »fH,Ox^ < w, o/mbnance 

- o ' 02, “4’ , fw =1 ' !5 

Percentage of chlorine=55*04 (ptven) 

Percentage of oxygen=(6y difference) 

= 100-(186+1;55+55'04)*=24’8I 


TOC-I—12-82-1 
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(it) Calculation of Empirical Formula : 

Proceeding as usual and writing out various steps in a tabular 
form, we have : 



12 

11® -1-55 

12 

1 

-115 

3 5’5 

q^.-ss 


35 5 

16 

W =1 55 




Hence the Empirical formula of the add is GHQO. 

(i«) Calculation of Mol u't from the neutralization data : 

One gram eq wt of NaOH (present in 1000 cm 3 of N-NaOH) 
must neutralize one gram eq wt of the add. 

25-20 cm 3 N/12-NaOH «a0‘27U9 g of the add. 

1000 cm* of N-NaOH ■°' 270q X I QO O x 12 

(Containing 1 gram eq wt of SuOH) * * 

■■129 g of the add. 

Eq wt of ihc add =129. 

Its mol wt=Eq vvi x basidty = ]29x 1 =129. 

(ip) Calculation of Molecular Formula ; 

Empirical formula v, eight =12+1-f 35’5+16—64*5 

Molecular w ei ght __ 129 

Empirical formula weight 64‘5 

Molecular formula is Empirical formula taken 2 times. 

«=(CHC10), or C,H 1 C1,0 1 

Being a monobasic acid, it must possess one —COOH group, 
ijB., the molecular formula is GHCl 3 COOH {Dichloroacetic acid). ’ 

4. .Structural Formula.—Whereas the empiriral formula of 
a compound gives the dements and the relative number of atoms in 
one molecule, the molecular formula gives the elements and th* 
actual number of atoms. This, however, tells nothing about the 
internal arrangement of various atoms present. The formula showing 
how the various atoms are linked together is called, the Structural for¬ 
mula. In a structural formula, the different valency bonds aie 
represented by single or double lines as in the following *»nr»pi». ; 

H H H 


H—O 

Water 


H—C=C- 
Ethylene 


A—H 


H—CaaC—H 
Acetylene 








empirical and molecular formulae 


rsi 


In the structural formula are summarised some very i»n p«w»«.t 
propertiea of a chemical compound. 

t Radnaal Formala.—Writing' down the structural formulae 
requires a lot of space and is very inconvenient in rrp n witinB 
chemical reactions. A shortened- form of Out structural formula it, 
therefore, need in practice and it called Rational fo rmula Its 
superiority over the molecular formula lies in tBe fact that it gives an 
idea about the constitution or the compound. The linkages between 
carbon atoms are usually shown by dots. For exampl e, dimethyl 
ether is represented as : 


C.H.O ; 
Molecular 
formula 


(CH,),0 or CH,.0. CH, ; 
Rational formula 


H 


H 


H—C—O—G—H 

H H 

Structural formula 


6. Determination of Structural Formula. —The molecular 

formula of a chemical compound is subjected to a systematic investi¬ 
gation of its chemical behaviour in order to assign a structural for¬ 
mula to it. The constituent atoms of the organic compounds are 
assigned their usual valencies and various possible structural for¬ 
mulae are constructed. In some cases only one structural formula 
is possible, for example, in the case of water, ethylene and acetylene 
as given above. If, however, in a certain case more than one 
formulae are possible, out of these the one wfiich agrees with its 
chemical properties is selected as the correct one. For example, from 
the molecular formula CjH^O of ethyl alcohol, the two possible 
structural formulae are constructed as given below : 

H H 

i i 

H—C—C—O—H 

I I 

H H 

I 



As ethyl alcohol gives the properties of hydroxyl group, 
structural formula I containing one —OH group is selected as the 
correct one. 


This is the final stage of molecular diagnosis. Although it 
presents no particular difficulty in the case of simpler molecules, it 
is apt to involve a long and arduous investigation when complex 
substances are concerned. A fuller treatment of structural formula 
is given in a separate chapter towards the end. 

KwMM.pl> 2. Determine the molecular at mil at the structural 
formulae of a compound from ill following data : 

(i) It contained C-I6 27%, H-&68% and Cl—72’20%. 
fit) O'2950 g of it displaced in a Vidor Meyer's apparatus, 
50 (54 cm* of motet air at 297K and 753 7 ton pressure. 

It forms addition producU with odium bisulphite, and fields 
chloroform when warmed with caustic soda edlution (Vapour tension 
at 297K-22 2 ton) 
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(i) Calculation of the Empirical Formula from the percentage 
composition : Proceeding as usual and writing out various steps in a 
tabular form, we have : 



| Symbol 

1 Percentage 

I Al 

| wt. 

| Relative No. i 
1 of atoms j 

Simple ratio 

Carbon 

c 

16*27 

12 

16 27 -136 

12 1 

1*36 2 

0*68 

Hydrogen 

H 

0*68 

1 

Of 8 -0*68 

06R 

068* 81 

i 

Chlorine 

a 

72*20 

35'5 

7 ^-03 

2*03 

ObS 

1 

Oxygen 

O i 

1085 

j 

16 

Z S5 -o<* 

16 

0*68 

0* 68 

(by diff .) 

1 




Empirical formula of the compound is C,HCl a O. 
Empirical formula weight=24+ 1 + 106 5+ 16=147*5. 
(it) Calculation of Molecular Weight : 

V!-5064 cm 1 V,=7 

P!=753*7—22*2=731*5 torr P,=760 torr 

T,=297K T a =273 K 

Applying Gas Equation, volume of air displaced at NTP, 


v. 


p^t. 

TtP, 


731*5x50-64x273 


- *44'80 cm 3 


297x760 

Volume of vapour obtained™ Volume of air displaced 

= 44 80 cm* at NTP 


Wt of 44‘80 cm* of vapour at NTP=0'2950 g 

• I*r ■ u* cnn.jL r* 02950 x 22400 

. . Weight of 22 4 litres „ „ — 

= 147-5 g 

Hence, Mol wt of the compound *147*5 


{Given) 


[Hi) Calculation of Molecular Formula : 

As the molecular w^ght is the same as the Empirical formula 
weight of the compound. Molecular formula is identical with the 
Empirical formula, t.e., it is €2,11(3,0. 

[iv) Determination of its Structural Formula : 

As it forms an addition product with NaHSO*, it contains an 
aldehyde (—CHO) group, the formula is CCl,.CHO— chloral. 

When warmed with caustic soda solution, it gives chloroform 
according to the equation : 
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CCl.'CHO -f _ NaO| H-*-CHCl, + HCOONa 
Chloral Chloroform Sod, formate 

Hcnre Structural formula of the compound is 
Cl H 

Cl—C—C-O 
Cl 

QUESTIONS AND PROBLEMS 

Empirical Formula : 

1. An organic compound, containing carbon, hydrogen, oxygen and 
nitrogen, on analysis gave the following valuer : Carbon=-4I*35%, Hydrogen— 
6 89% and Nitrogcn=24*12%. 

Find the simplest formula of the compound. 

2. 0 45 g of an organic compound gave on combustion 0*792 g of CO* 
and 0 324 g of water. 0*24 g of the same substance was kjeldahl ised and the 
ammonia formed was absorbed in 50 cm 3 of N/4 -HbSO,. The excess acid requir¬ 
ed 77*0 cm* of N/10-NaOH for complete neutralization. Calculate the empiri¬ 
cal formula of the compound. 

Molecular formula from V.D. or Mol wt (given) : 

3. 0'6 g of an organic substance containing only carbon, hydrogen and 
nitrogen gave on complete combustion 117 g carbon dioxide and 0*84 g 
water. With nitrous acid nitrogen was evolved. Identify the substance if its 
molecular weight is 45. 

4. A compound on analysis gave the following percentage composition 
by weight : Hydrogen—9*09% ; Oxygen®-36*26%, Carbon—54 55%. 

Its vapour density is 44. Find the molecular formula of the compound. 

Molecular Formula from Vapour Density Data : 

5. The elementary analysis of an organic compound yielded the follow¬ 
ing results : C=39*98% ; H-6‘72% and 0-53 30%. 

0*151 g of the compound on vaporisation displaced 33*8 cm® of air 
measured at 298K over water and at a barometric pressure of 745 torr. 
Determine its empirical and molecular formulae. (Vapour pressure of water at 
298K-24 torr) 

Molecular Formula of an Add from Neutralization Data : 

6. An organic monobasic acid gave the following results ; 

(/) 0*1 g gave 0*25245 g CO* and 0*0443 g H,0 on combustion. 

(i‘0 0*122 g of the acid required for neutralization 10 cm® of a N/10 
alkali. Determine the molecular formula of the acid. 

7. 0*2 gram of an organic monobasic acid gave on combustion 0*505 g 
of CO, and 0*892 g H,0. 0*183 g of the acid required 15 ccn'N/lONaOH 
for neutralisation. Calculate the molecular wei ght and the molecular formula 
of the acid. 

Molecular Formula from Silver Sail Data : 

8. A dibasic organic acid containing 26*66% C and 2*22% H gave a 
silver salt containing 71*05% of silver. What is the formula of the acid 7 

9. 0 236-grara of an organic dibasic add gave on* combustion 0*352 g 
of carbon dioxide and 0*108 g of water, 0*5 gram of its normal silver salt 
on being carefully ignited gave 0*32 gram of the pure silver. Assign a formula 
to the compound. 
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of a Base froa PlatWcMorlde Data : 

10. A mooo&ckl organic haw on analysis gave C—T7*42% p H—7*53% and 
N— 15il5%. 0*298 g of platinkhlortde left 0 0975 g of platinum. Calculate 
the molecular formula of the substance. 

11. A monoadd base contains C—53*3%, H—15'5% andN»3J*2%. 
1*00 g of the chloroplatinate of the base gave 0*39 g of platinum on ignition. 
Calculate the molecular formula and also write down its structural formula. 

Molecular Formula from Depression of FP Data : 

12. The freezing point of the solution of 1*392 g of an organic acid 
C, assumed to be undissodated (in solution) in 20 g of water was found to be 
271*S9K (Kf for water—1*85). 0*177 g of the same add neutralized exactly 
12 cm* of a 0*2 N alkali. Calculate the basicity of the acid. 

Molecular Formula bom Elevation of BP Data i 

13. 0*50 g of a non-volatile organic substance gave on combustion 
0*88 g or carbon dioxide and 0*225 g of water vapour. 1*00 g of the substanoe 
when kjeldahlised produced 0*17 g of ammonia. 

A solution of 1*25 g of the substance in 25 g of water boiled at 373 26K. 
Determine the formula of the compound. 'K' the molecular elevation for 100 g of 
water being 5'2K. 

Problems on Structural Formula can be attempted only after reading 
various organic compounds and their reactions. These have, therefore, been given 
In a separate chapter towards the end. 

ANSWERS 

1. Cs^NO. 2. C 4 H|N»0. 3. CfH|NH. (rthylamtrtg) 

4. C|H|O s 3. CH»0;C<H a 0 4 . 6. C 7 H a O,. 

7. 8. (COOH),. 9. C^O*. 

10. CcHtN. II. CtH 7 N ; C B H*NH*. 12. 2. 

13. C 4 H ft NO,. 
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Structure of Organic Compounds 


1. Atomic Orbitals.—Th atom is made of certain funda¬ 
mental particles called electrons, protons and neutrons and sub¬ 
atomic particles like positrons and mesons. It consists of a nucleus 
and one or more electrons grouped about it. According to the 
modern theory of atomic structure, hydrogen consists of a proton 
surrounded by an electron cloud in which there is the probability of 
finding the electron. The electron clouds are the modem substitutes 
for the orbits of the old Bohr-Sommerfeld model of the atom and 
are t*rmed orbitals to show this relationship. An orbital may be 
regarded as the region around the nucleus in which there is the pro¬ 
bability of finding the moving electron. 

In quantum mechanics, an tomic orbital is defined as a one- 
electron wave function, vj/. For each point in space \J/ a is proportional 
to the probability of finding an electron at that point. Such a 
probability distribution corresponds to the more useful concept of an 
electron density distribution. The mathematical function that describes 
this distribution has all the properties associated with waves. It has 
a numerical magnitude (its amplitude) which may be positive or nega¬ 
tive (corresponding to a wave crest or a wave trough, respectively) 
and nodes. A node is a region where a crest and a trough meet. 
For the three-dimensional wave characteristic of electronic motion, 
the nodes are two-dimensional surfaces at which 

Atoms of heavier elements contain more than one electron 
which occupy definite orbitals. These orbitals are grouped about the 
nucleus in configuration roughly approximating to concentric shells. 
However, no two orbitals have both the same shape and size and 
the same location in space. Further, an orbital cannot be oerupied 
by more than two electrons. The successive shells, starting nearest 
the nucleus, are numbered 1, 2, 3, 4, 5, 6, 7 (Principal quantum 
numbers) or designated as K, L, M, N, O, P and Q, respectively. The 
electrons of a principal shell are most likely to be found in definite 
regions within each shell and these regions are termed subshella. 
These subshells are distinguished by their geometric shapes and the 
angular momentum which an electron will exhibit when present in 
these subshells. 

The subshells are indicated by (, the subsidiary quantum number 
(also known as the azimuthal quantum number) which may have 
whole number values 0 to n — 1. The subshells, having /®0, 1, 2 and 
9 are also designated by letters *, p, i and / respectively. The 
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number of subshells in a shell is equal to its principal quantum 
number. For example, 1 or K shell has only one subshell (Is), 2 or 
L shell has two subshells (2* and 2p) and 3 or M shell has three 
subshells (3s v 3 p and 3d). Similarly, four subshells m the 4 or N 
shell arc the 4 A *p, 4d and 4/. The term 2 p l means that there arc 
four electrons in the p subshcll of the second or L shell. The 
maximum number ui electrons which can be present in 8 , p, d and / 
Subshells are 2, 6, 10 and 14 respectively. 


Each subshell is made up of one or more orbitals. An orbital 
can have only two elections, provided their spins are anti-parallel. 
Thus in the **subshell having 2 electrons there is only one orbital 
and it is called * orbital. It must be borne in mind that an orbital 
is a particularly shaped space or volume within which electrons will 
be found. All 8 orbitals are spherical and are concentric about the 
nucleus {aw Fig. 7'I). 



p orbitals 


Fig. 7*1—Geometrical representations of the s and p atomic orbitals. 

The p-subshell with an electron population of six will have 
three orbitals which are designated as p orbitals. The three p orbitals 
are directed along the coordinate axes perpendicular to each other. 
Each orbital consists of two lobes lying along jjie axis, one on each 
aide of the origin as represented in Fig. 7’1. The three p orbitals 
along the three axes are referred to by the notations p m p 9 and jp, 
respectively. These have the same energy and are distinguished 
from each other only in direction. Similarly, there are five d orbitals 
and seven { orbitals. The arrangement of shells, subshells, and 
orbitals is illustrated schematically in Fig. 7*2. 

In the geometrical representations of s and p orbitals in Fig. 7 1, 
the solid Line represents the angular part of the wave function and 
defines a three-dimensional closed surface. As an approximation, 
we can regard the surface as a locus of points of constant value of 
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+ such that certain proportion of electron density (fixed arbitrarily) 
is contained within the surface. For example, the value of ^ may 
be so selected that the resulting three-dimensional surface will 
enclose 80%, 90% or 95% (say) of the elrctron density. 

Rules for distribution of electrons into various shells, 

subshells and orbitals. Based on the experimental data (mainly 
spectroscopic and magnetic) and theoretical considerations, various 
rules for distribution of electrons into various shells, subshells and 
orbitals are : 

(1) The maximum number of electrons in any shell is 2nJ 
where n is the principal quantum number of the shell. Thus the 
maximum number of electrons in the first shell is 2 ; in the second 
8 ; in the third 18 ; and in the fourth 32. Shells greater than the 
fourth never contain the maximum number of electrons, since there 
is not a sufficient number even in the heaviest atoms. 

(2) The maximum number of electrons in a subshell is equal 
to 2(214-1) where l-= 0 for s, 1 for p, 2 for d and 3 for /. Thus the 
maximum number of electrons which p, d and / subsheLls can have 
is 2, 6, 10 and 14 respectively. 

(3) The electrons will always enter the available orbital of the 
lowest energy. As a working rule a new electron enters the orbital 
where ( n-\-l ) is the minimum. When (n4~ 0 has the same value for 
two or more orbitals* the new electron enters the orbital where n is 
the minimum. This is known as aufbau principle. Thus a few 
orbitals arranged in the order of increasing energy arr : 

orbital : 1*, 2a, 2p, 3.*, 3p, 4s, 3d, 4 p, 5s 

(n4-0 value : 123344 555 



Fig. 7*2— Arrangement of shells and subshells in an atom. 
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(4) Only two electrons can be present in the same orbital, 
provided their spins are anti-parallel. 

(5) Electrons never pair until no available empty orbitals are 
left to them (Hund’s rule of maximum multiplicity). In other 
words, pairing begins only with the introduction of second electron 
in the s-orbital, the fourth electron in p-orbitals, the sixth electron 
in d-o rbitals, and the eighth electron in /-orbitals* For example, 
two p-electrons in carbon are unpaired and three p-electrons in 
nitrogen are also unpaired. Fairing begins with the introduction 
of fourth electron in p-orbitals as in oxygen.. 

(6) Energy levels tend to become completely full, or exactly 
half full of electrons* Whenever energy levels are completely full 
and exactly half full, the element is more stable. For example, 
nitrogen with its p-orbitals half full is more stable than both of its 
neighbours, carbon and oxygen. 

To illustrate the point further, filling of the three 2 p orbitals in 
elements boron (at no=5) to neon (at no = 10) is given below : 


Symbol 

At No 

Electronic Configuration 

/i Zs 

Be 

4 

la* 2a* 

ED ** * 

B 

5 

li* 2a* 2 p, 1 

TSEEFrn 

G 

6 

la* 2a* 2p, l 2p, y 

na H31 * i ♦ i i 

N 

7 

la* 2a* 2 p, 1 2 p. 1 2p? 

rHiFiiDitjtj 

O 

8 

la* 2a* 2p m * 2 p t l 2 p, 1 


F 

9 

la* 2a* 2 p m * 2p.' 2p, 1 

q±i En rr* rt+111 

Ne 

10 

la* 2a* 2p m * 2p*2p* 



Electron distribution in elements beryllium to neon. 


2. The Nature of Bonds between Atoms. —During a 
chemical change bonds between the atoms of reacting molecules arc 
broken and new bonds between atoms are formed giving rise to 
molecules of products. It should, therefore, be worthwhile at this* 
stage in our study of organic chemistry to examine th*- nature of 
different bonds formed between atoms. 

The Lewis -Langmuir Concept of Stable Configuration. 

There are eight electrons in the outermost orbit of all noble gases 
except he*mm whose electrons (=2) are all in orbit 1. These enter 
into practically no reactions and form very few compounds. This 
condition of inactivity or maximum stability is evidently associated 
with their particular electronic arrangement. The electronic arrange* 
menl in which eight electrons are present in the outermost orbit is cdUei 
Stable configuration. Of course, if the outermost orbit is the first 
one (as in helium), the number is two. 



STRUCTURE OF ORGANIC COMPOUNDS 


I 59 


In the case of all other elements which show chemical activity, 
the outermost orbits are found to be incomplete. From this Lewis 
and Langmuir stated that in all cases there is a general tendency for 
•laments to enter into chemical reactions in such a way as to acquire 
stable configuration . It would not be exaggeration to say that elements 
react with the main object to attain a stable configuration. 

Electronic Theory of Valency. The electrons present in the 
outermost orbit of an atom determine the valency of that atom and 
are, therefore , called the valency electrons. If the valency electrons 
be removed, the remainder of the atom is called the kernel of the 
atom. 

Formation of chemical compounds from elements involves either 
transference of valency electrons of one clement to the auteimos* 
orbital of the other or sharing of the valency electrons of the two 
atoms. In either case a chemical bond is set up and as a result of 
it, both the atoms acquire a stable configuiatum* 

Thus valency of an atom , according to the electronic theory of 
valency , is the number of electrons if can lend, borrow or share . A 
lending atom is called electi o-pobitive, while a borrowing atom is 
called electro-negative. 

Three Types of Bonds. This tendency of the atom can be 
satisfied in three different ways and corresponding to these three 
ways there are three types of bonds : 

(i) Ionic Bond or Electrovalent Bond. An ion is an atom 
or group of atoms which is charged due lo the loss or gain of one or 
more electrons. When an atom gains an electron to form a negative 
ion [anion ), it will increase in size. On the othei hand, when an 
atom loses an electron to give positive ion [cation), it will contract. 
The electron lost or gained is always from the outermost shell. 

The ionic bond is formed due to the electrostatic attraction 
between stable ions formed by the complete transfer of electron* 
from one atom to another. The ions generally (though nol alwavs^ 
have noble gas structure. These oppositely chargrd ions are held 
together by electrostatic attraction. For example, formation cf 
KC1, Na 2 S and A1F 3 can be explained as follows * 


* (2,0,0, i) 

+ Cl (2,6,7) 



T>V fON5 ACHIEVE 
,0N STRUCTURE 


f2,&, B) 


?Na (?,B, t) 

+S(?,0,6) 


M(2, 0,3) 
+ 3F(2,7) 



f Ncl* ms ACHIEVE N€m 
J STRUCTURE (2,R) AND 
) S ? ~tON ACHIL VES ARGO* 
[STRUCTURE (2,O f 0) 


BOTH At 3 AND F ‘ IONS 
ACHIEVE NEON 
STRUCTURE (2,0) 
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The positive electrovalency is, therefore, numerically equal to 
the number of electrons an atom loses, and negative electrovalency 
is numerically equal to the number of electrons an atom l “ 

order to acquire the stable electronic configuration ol a noble gaa 
with 8 electrons in the outermost orbit. 

The formation of an ionic compound is obviously related to 
the ease of formation of the cations and anions from the neutral atom 
which depends on two major factors given below : 

(a) Ionization energy (/)• Tt is the minimum energy required 
to remove an electron from a gaseous atom in its ground state to form 
a gaseous ion. 

M->M++e' ; AH° = / 

Lower the value of ionization energy of an atom, greater will 
be the ease of formation of the cation from it. 


(6) Electron affinity ( E). It is the amount of energy released 
when an election is added to a neutral atom, t.f., energy of the 
reaction 


X<0)-|-rfr -► X"( P ) ; AH 0 *-- E 

Higher the electron affinity of an atom, greater the ease of for¬ 
mation of the anion from if. 

Elements at the far left of the periodic table (fc.y., Li, Na, Mg) 
have relatively low ionization energy and are termed tledrojnmtive. 
Similarly, elements at the far right of the periodic table (e.p., F, Cl, 
Br) have relatively high elec tron affinities and are termed electro - 
negative* 

Hence an ionic bond is formed between electropositive element* 
on far left and electronegative elements on far right of the periodic 
table. 


Table 7 1—Abbreviated Periodic Table* 


H He 

Li Be B C N O F Ne 

Na Mg A! Si P S Q Ar 

Br 

1 


(ti) The Covalent Bond. For elements in the middle of the 
periodic table, too much energy is required to gain or lose sufficient 
electrons to form ions with complete octets. For example 

• B • ->B ,+ +3<r ; 1=3641 kj moh 1 

. c - -*C 4+ +4e~ ; 1*6195 kj mol- 1 


“More important elements are given in italics while the most important 
ones are given in bold type. 
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Consequently, such elements form molecules by sharing of one or 
more pairs of electrons in such a way that each atom acquires the con - 
figuration of the nearest noble gas and in general they tend to have paired 
electrons in all of their occupied orbitals. 

Similarly, linkage is set up between two electronegative atoms 
(e-g., halogens) by sharing of electrons. 

Structures of such compounds as water, methane, ethylene 
and acetylene can be explained in a similar manner by sharing of 
electrons* The idea of covalent bond was introduced by G.N. 
Lewis in 1916. 

Single, doable and triple covalent bonds. Covalent bonds 
may be formed by sharing one, two or three pairs of electrons and 
aic termed single, double or triple covalent bonds respectively and 
are generally represented by single, double or triple lines. For 
example*, molecules of chlorine, oxygen and nitrogen can be represen¬ 
ted as follows : 


XX 

, , XX 


5 Cl r Cl : 

0 

XX 

o 

XX 

; : N jjj N 5 

xx 



or Cl—Cl 

or 0=0 

or N»N 

chlorine 

oxygen 

nitrogen 


As a result of sharing, each of the atoms has completed iu 
octet and assumed a noble gas configuration. 

Similarly, electronic structures of Water, methane, ethylene anc 
acetylene (all covalent compounds) can be represented as follows ■ 


H 

H 

H 

n 

m m 

| 

• X 

1 

Hio 

or H—O ; 

H ? C * H 

or H—C— 

Water 

H 

X> 

H 

X* 

•x 

H 

Methane 

H H 

1 1 

H 


*• II 

H ? C : :C?H or H—C=C—H 


Ethylene (with one double bond ) 

H ? C :i C ? H or II—C»C—H 

Acetylene {with one triple bond) 

(m) Coordinate Valency by one-sided sharing of electrons . 
In a molecule of oxygen octet of each oxygen is complete. If a new 
oxygen atom deficient by two electrons shares one electron pair 
belonging to one of the oxygen atoms of the molecule, it will have 
ita octet completed. This is the formation of ozone molecule as 
shown below : 

XM •• ** t0 

: O : J O J + OS-► : O : J O 5 O 8 or 0*»0-*0 

Oxygen Oxygen Ozone molecule 

molecule atom 
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The electron pair shared is called lone pair, the oxygen atom 
of oxygen molecule is called the donor, while the new oxygen atom 
ii the acceptor. The linkage set up is called a coordinate linkage 
or a dative bond represented by an arrow sign. 

Sulphur dioxide is another example of compounds formed by 

coordinate linkage. 

.. xx 

: 0:5 S; O: or O^S-^O 

Sulphur dioxide molecule 

A dative bond can be considered resulting from transfer of one 
electron from the donor to the acceptor. As a result of this transfer 
donor gets a unit positive charge and the acceptor a unit negative 
charge. Subsequently a covalent bond is set up due to sharing of 
one electron pair. Thus nitric acid can be represented in two ways : 

H—O—Nf - or H—O— 

x o 

Lewis Structures. The symbols used to discuss the systems 
given above are called Lewis structures. In addition to their being 
simple and convenient representations of ions and compounds, they 
help in accurate accounting for electrons. The following general 
rules should be borne in mind while writing Lewis structures : 

(1) All valence electrons art shown. Total number of such 
electrons is equal to the number contributed by each atom with an 
additional number added or subtracted to account for ionic charges, 
if any. For example, total number of electrons 
for CH 4 =4(C)+4xl (H)=8 
for H g O*«3x 1 (H)+6 (O)-I (for+1 charge) = 8 
for N0 1 ~ = 5(N) + 2x6 (0)4-1 (for —1 charge) =* 18 

(2) Each element should, to the maximum extent possible, haste a 
complete octet. Hydrogen should have a complete duet. For example, 
correct structures of CO„, HCl and N a are : 

:0.:C::0i ; H:C1: ; iN; • Ni 

(3) Formal charges are assigned by dividing each bonding 
pair of electrons equally between the bondrd atoms. The numbers 
of elec trons belonging to each atom in this way is compared with 
the electrons originally belonging to the neutral atom and appropriate 
charges (+ or —) are assigned. Lone pairs belong to a single atom. 
For example, 


H 

H t N + : H 

• 4 

H 

ammonium ion 


H 

• * • • ™ 

H:C:0i 

H 

methoxide ion 


:Q: 

• • . • M 

lO:S: :0 

• » • * mm 

:0 : 

■ulphate ion 
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In NH 4 + ion each electron pair around N atom ia equally divided 
between N and H. This gives one electron for each H, the same 
as a hydrogen atom. N has a total of 4 electrons, i.e., one less than 
the neutral nitrogen atom. Hence a formal charge of +1 is 
associated with N. 

Similarly, formal charge on O in methoxide ion is — 1 • In SO A z ~ 
ion formal charge on S is +2 and on each O atom is — 1. 

A further simplifying convention is to replace each shared pair 
of electron by a Line and omit the lone pairs of electrons. For 


example. 

H 

H 

H 

1 

H 

H—N—H 

H -N+—H 

l 

| 

H —C—<5f 
—- 

H—G--H 

j 

H—C—H 

H 

Ammonia 

1 

H 

Ammonium 

ion 

1 

H 

Methoxide 

ion 

Methyl 

cation 

Methyl 

radical 


These simplified symbols arc frequently called KekuJc structures 
since these correspond to an earlier notational system proposed by 
Kekule. 


Electrovalent compounds arc generally non-volatile and in¬ 
soluble in organic solvents. They are good electrical conductors in 
the fused state or in solution and have generally high melting points 
and high boiling points. Covalent compounds are generally volatile 
and usually soluble in organic solvents. They are non-electrical 
conductors and have generally low melting points and low boiling 
points. Coordinate compounds behave very much like covalent 
compounds but are usually less volatile. 

3. Polarity of Bond*. —A covalent bond is set up by sharing 
of electrons between two atoms. It is further classified as polar or 
non-polar depending upon the fact whether the electron pair is 
shared unequally between the atoms or shared equally. For example! 
the covalent bonds in H t and Cl t are called non-polar as the electron 
pair is equally shared between the two atoms. 

H x H : Cl i Cl i 

XX 

Hydrogen molecule Chlorine molecule 

[Both formed by equal sharing of electron* between the 
atoms, i.e., by non-polar bonds,) 

In the case of hydrogen fluoride the bond is polar as the elec¬ 
tron pair is unequally shared, Fluorine has a greater attraction for 
electrons (or has high** electronegativity) than does hydrogen and the 
shared pair of electrons is nearer the fluorine atom than hydrogen. 
The hydrogen end of the molecule, therefore, appears positive with 
respect to fluorine. 

Arrangement of various atoms we are likely to encounter in 
organic chemistry in the decreasing order of electronegativity is : 

F > O > Cl, N > Br > C, H 
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Bond polarities affect both physical and chemical properties of 
compounds containing polar bond. The polarity of a bond deter¬ 
mines the kind of reaction that can take place at that bond and even 
affects the reactivity at nearby bonds. The polarity of bonds can 
lead to polarity of molecules and affect melting 
point, boiling point and solubility. 


A polar molecule like that of HF having 
two centres of charge is called a dipole. The 
degree of polarity in a polar compound is 
specilied by its dipole moment (p), which is 
equal to the charge times the distance between the 
posiLive and negative centres. Mathematically, 

Dipole moment, p « e X d 

in Debye units, D Electronic Distance 

charge in esu in Angstroms 

As e is of the order of 10" 10 esu and d of the order of I0“ 8 cm 
p is, therefore, of the order of 10~ 18 csu-cm and this unit is known as 
the Debye (D). Dipole moment is a vector quantity and is often 
indicated by an arrow parallel to the line joining the points of chaige 


+ 5 -6 



hH 


Fig. 7'4—A dipole. 


and pointing towards the negative end, e.g. t H—F. 

In general a polar bond is established between two atoms of 
different radii and different electronegativities when positive centres 
(nuclei) of different magnitudes combine to share an electron pair. 
Greater the value of the dipole moment, greater is the polarity of the 

bond. 

The following points may be borne in mind in the study of 
organic chemistry * 

(i) In the bond H— X, the hydrogen is the positive end of the 

-I-► 

dipole; i.e.y H—X, wherein X is any atom other than II or C. 

(ii) In the bond C—X, the carbon atom is the positive end of 

+ - ► 

the dipole, i.e., C—X, wherein X is any atom other than carbon. 

In the case of hydrocarbons both the direction • and the value 
of the dipole are not constant and depend on the nature of 

■+■ — 

hybridization. For exampl ,i.i methane it is C—H and its value is 

-+*• 

0*30 D while in ethylene i* is C—H and its value is 0'40 D. 

(lit) In case a molecule contains two or more polar bonds, its 
dipole moment is obtained by the vectorial addition of the dipole 
moment of the constituent bonds. 

(it;) A symmetrical molecule is non-polar even though it contain 
polar bonds. 




STRUCTURE OF ORGANIC COMPOUNDS 


165 


Fur example, carbon dioxide, methane and carbon tetra¬ 
chloride, being symmetrical molecules, have zero dipole moments. 

Dipole moment of methyl chloiide i:. a vectorial addition of 
dipole moment* of three G—H bonds and one G—Cl bond. 


S—F 


Jl-b75D 


Hydrogen 

fluoride 



fl = OD 


H*QO 


fL-bB6D\ 


Methane Carbon 

tetrachloride 

Fig. 7 5—Dipole moments of some molecules. 


Methyl 

chloride 


Not only do the polar bonds contiibute to the dipole moment 
ot d molecule, but also thr lone pairs of electrons. For example, the 
dipole moment of nitrogen trifluoride (ft— 0'21D) is unexpectedly low. 
This is because magnetic moment due 10 unshared pair opposes 
vector sum of bond moments. 

In ammonia the observed moment is piobably due chiefly to 
ihe lone pair augmented by the sum of bond moments. Similarly 
two lone pairs of electrons contribute to the dipole moment of water, 
and indeed of any molecule in which they appear. 


H 





/* =1-460 

/I =1-840 

it-0’2: ? 

1 

Ammonia 

Waier 

Nitrogen trifljdnde 


Fig 7‘6—Contribution of lone pairs lo dipole moments or some molebules 

Dipole moments give a valmbl * inlonn u ion about the sthj^c: jre 
M molecules. For exim lie, carbon di)\idc Is aligned a Imcv strur* 
nice since its dipole moment is zero. _ 


t 


Problem. Which Lf the following comrHUJi'd* 
nmrrKjii going diagrams and showing directions r»i 

C„ HBr. CII.Cl,, CHC),, CH»OH, t(’H,> 3 0. 


have a dipole muiBsif ? 
lous bond dipole c 


(Crr.bNH, BrCl, w u 


O,. CH»( OCH». 


TOC —ut ** * 
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[Hints, (i) Cl,, HBr, BrCl, CO* molecules are linear. 

<ff) CH 1 CI 1 , CHCla. CH 3 OH, (CH a ) a O, (CH,),NH, molecules are 
tetrahedral with central atom in a state of sp* hybridisation. 

(fit) BF 3 and <CH a )*CO arc planar with central atom in a state of sp 9 
hybridisation 


(iV) In Me—C, Me—O and Me—N bonds Me is the positive end of the 
dipole.] 

MATURE OF THE COVALENT BOND 

4. The Valence Bond Approach.— To explain the nature of 
the covalent bond Heitler and London put forward the theory known 
as Valence Bond Appioach in 1927. This was later on extended bv 
Pauling and Slater in 1931. Arcordingto them : 

(t) For a covalent bond to form, two atoms must be so located 
that an orbital of one overlaps an orbital of the other, each orbital 
containing a single electron. 

(i£) When this happens, the two atomic oibitals merge to loim 
a single bond orbital or a localised rvnlscular orbital which is occupied 
by both electrons. 

(iti) The two electrons that occupy a bond orbital must have 
opposite spins, i.e., must be paired. Each electron has the entire 
bond orbital available to it and thus may be considered to belong 
to both the atomic nuclei. 

(it?) As a result of overlapping there is maximum electron densitv 
somewhere between the two atoms. A part of the binding force of 
covalent bond results from the electrostatic attraction between the nuclei 
and the accumulated electrons cloud between them . 

(t>) Apart from this there is one other contributory factor in this 
lorce and that is the neutralization of spin magnetic moments of the 
two electrons talcing part in the bond formation. This may be looked 
at as follows: 

An electron is associated with the properties related to its spin. 
Direction of the spin is a determining factor in bond formation. 
Although the statement is often made that an electron has a spin, 
what it really means is that an electron has a magnetic mom¬ 
ent. When two electrons are paired, these are so oriented that their 
magnetic fields caned one another and de\clop attraction forces. 
Conversely, two electrons with parallel spins' would repel each othci. 
Thus fora stable bond formation , the condition is that the electrons should 
have opposite spins. 

What gives the covalent bond its strength ? The 

arrangement of electrons and nuclei in a molecule contains less 
energy and is, therefore, more stable than the arrangement in the 
isolated atoms. Formation of a bond is, therefore, always accom¬ 
panied by evolution of energy. Amount of energy (per mole) that 
is giver off when a bond is formed (or energy required to break the 
--r? bnnd dissociation energy* 
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Pauling and Slater extended the above theory to account for 
the direction of the covalent bond which arises due to the vectorial 
nature of charge intensities considered responsible for such bonding. 
Arcording to them : 

(i) The strength of chemical bond is proportional to the extent of 
overlapping of the electron orbitals . 

(ii) The overlapping of the orbitals] of only those electrons which 
take part in the bond formation, would occur . 

(hi) Between two orlntals of the same stability (i.e., having same 
energy ), one. more directionally concentrated would form a stronger bond . 

(iv) A spherically symmetrical orbital, e.gs orbital, will not 
si tow any preference in direction whereas non-spherical orbitals, e.g., 
p or d orbitals, will tend to form a bond in the direction of maximum 
electron density within the orbital. 

Types of Overlapping and Orbital Diagrams. Different 

types of overlapping which we come across are : 

(1) 8-s Overlapping . Hydrogen atom has only one electron (Is 1 ) 
and is therefore, available for bonding. In the formation of a 



Fig. 7*7—Overlap of s-s orbitals. 


molecule of hydrogen spherical 1$ orbital of one overlaps with that 
of the other (Fig. 7*7) forming a single covalent bond. 

For hydrogen the system is most stable when the distance be¬ 
tween the nuclei is O' 74 A (1 angstrom = 10“ 8 cm). At, this distance 
the stabilizing effect of overlapping is exactly balanced by repulsion 
between similarly charged nuclei. This distance is termed bond length . 
The resulting hydrogen molecule contains 453’1 kj mol" 1 less energy 
than the hydrogen atoms from which it is made. We can say that 
H—H bond has a length=O’74A and strength — 453*1 kj* 


The bond orbital is sausage-shaped with its long axis lying 
along the line joining the nuclei. It is symmetrical about the long axis. 

Electronic configuration of lithium is la 2 , 2a 1 . In the formation 
of Li, molecule Li—Li bond is set up due to the overlapping of their 
2a orbitals. Similarly, in 
the LiH molecule Li—H 
bond is due to overlapping 
of the 2a orbital of lithium 
and la orbital of hydrogen. 



(2) s-p Overlapping . 
Electronic configuration of 
fluorine atom is la 1 , 2a 2 , 
2p* 1 , 2pw*, 2p M l having one 


Fig. 7 8—Orbital diagrams Tor Li, and LiH 
molecules produced as a result of s~s 
overlapping. 
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of the electrons (2p.) unpaired. The molecule of hydrogen fluonde 
(H— F) is produced by the overlapping of Is orbital of hydrogen with 
2pa orbital of fluorine (s-p overlapping). 

Similarly, the molecule of lithium fluonde (Li—F) is produced 
by the overlapping of 2s orbital of lithium with the 2 pz orbital ol 
fluorine. 



Fig. 7-9—Molecules of HF and LiF produced as 
a rcsuli of s-p overlappm* 


(3) p-p Overlapping. 



Fig. 7*10— Formation of Cl—Cl 
molecule by the overlapping of 
their 3 pt orbitals 


The electronic c oniigui ation of chlorine 
is Is 3 , 2s 3 , 2p a , 3* 2 , >/?»■, 3p v a , 3p. A 
with one electron being unpaired 

The molecule ol chlorine is produced 
by the overlapping ol (he Zp g orbitals 
of two atoms. 

Formation <*f F—F and Bi — Br 
molecules can be explained in a similai 

manner. 

Following this concept of ovei- 
lapping of orbitals, the structure ol 


water (H b O) and ammonia (NHJ molecules tan be discussed. The 
arrangement of elections in nitrogen and oxvgcn atoms is : 


Nitrogen Is 2 , 2s 2 , 2p 8 

Oxygen Is 2 , 2s 2 , 2p 4 


Following Hund’s rule (page 1*50), the above elrrtroim 
arrangement can bt. repicsentr d as : 


Nitrogen Is 2 , 2s 2 , 2p x \ 2p w l , 2p t l 

Oxygen Is 2 , 2« 2 , 2p x 2 , 2 p M l y 2p- x 

Nitrogen thus has three impaired electrons while oxygen ha* 
two. It is for this icason that the former exhibits a valrncv of thie* 
and oxygen lias a valency of two. 

When the nitrogrn atom combines with tin ep hydiogen atom* 
to form a molecule of NH a , the three N—H bonds should be at right 
angle* to one another. In the same way the two O—H bonds in the 
formuion of water should be at right angles to eich other. The tw^ 


STRUCTURE OF ORGANIC COMPOUNDS 


1'69 


structures are shown diaerammatically ir Figs. 7*11 and 7" 12- The 
NHg molecule shows a pyramidal structure. 



Pig. 7*11—Diagrammatic rvpre- Fig 712—Diagrammatic repre¬ 
sentation of the directed bonds sent at ion of the directed bonds 

in the water molecule in the ammonia molecule. 


Actually the angle between O—H b mrls in H 2 0 is 105° instead 
of 90° and between X -H bonds in NH S 103° instead of 90°. The 
3d me can be explained on the concept of hybridization discussed 
later. 

Sigma and Pi Bonds. According to the valence bond ap- 
p/nach, a bond is set jp due to overlap o( atomic orbitals of the two 


CX2DO 

P-P n 

Qxo 

s-p oi'tfi! /.r 



S-S QtfiHLAP 


OVTPLAPPMG ATOMIC ORBITALS 

CftSDO 

OF \ 1£F 2 A OLECULE 
THF a BOND ORBITAL RfSULTtNQ 



7Ht QV£#l APPiNG 
ATOMIC ORBITALS 


Fig. 7" 13—Overlapping of 
s-s t s-p and p-p orbitals 
forming sigma l oniK 


Fig. 7' 14—Shape of the molecular orbital 
produced by p-p overlapping of atomic 
orbitals of fluorine forming sigma bond. 


combining atoms. A stiong or weak bond is obtained depending upon 
the extent of overlapping. When an overlapping of s-s, s-p and p-p 
atomic orbital occurs, a new bond orbital or local hied molecular orbital 
having a pair of electrons with opjiosite spins is funned. 


Since the two electron clouds overlap along their axes, maxi¬ 
mum overlap is possible. Hence the'bond formed is a strong bond. 
The bond orbital is symmetrical al>out the line joining the two nuclei. 


Bond orbitals which are symmetrical about the line joining the two 
nuclei are termed a-bonds (sigma bonds ). These are strong bonds formed 
as a result of maximum overlapping of s-s, s-p or p-p orbitals along 
their axes . 

Electronic configuration of nitrogen being la*, 2**, 2p*S 
2pj\ 2P, 1 , there are three unpaired electrons in each nitrogen 
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atom. When two atoms of 



Fig. 7*15—Two atoms of nitro¬ 
gen joined by a sigma bond due 
to p-p overlapping. 


nitrogen combine to form a nitro¬ 
gen molecule (N*), one of the 
unpaired electrons of each nitrogen 
atom is shared. There is an overlapping 
of p m orbitals of thr two atoms along 
the axes forming a sigma bond as 
shown in Fig. 715. The other two p- 
orbitals, each containing one electron, 
are at right angles to each other and 
also to the plane of the sigma bond 
and oveilap as shown in Fig. 7‘16. 


Since these p-orbitals can overlap only sideways (lateral over¬ 
lapping), the overlapping is only partial and the bond produced is a 
weak bond (c/. sigma bond which is produced by maximum overlap 
along the axes and is a strong bond). Th* s band formed by the side¬ 
ways overlap of p-orbiuds is called a Pi ( 7 c) bond. Electron cloud o( 
a pi bond is unsymmetrical and is concentrated above and below the 
plane of the sigma bond. In the molecule of nitrogen the triple bond 
linking the two nitrogen atoms is a combination of one sigma bond 
and two pi-bonds. The orbital diagram of nitrogen molecule n 
shown in Fig. 7*17. 



Fig. 7*16—A pi bond formed Fig. 7*17 - Orbital diagram of nitrogen 

by the side way overlap of molecule (NbN) in which there are 

p-orbitals. one sigma and two pi bonds Jinking 

the nitrogen atoms. 

5. Geometry of Molecules and Hybridisation.— Consider 
the formation of methane (GH 4 ). Carbon has the configuration 

Is’, 2s*, 2 p m \ 2 T * 1 . 

There being only two unpaired electrons, carbon should have 
a valency of 2. But in very few compounds of carbon, its bivalency 
is exhibited. To explain the tetravalency of carbon which is most 
common in its large number of compounds, one must think that two 
2s electrons are unpaired and one of these is excited to 2p f state. 
The configuration that would result now would be 
ls*,2s\2p m \2p w \2p M ' 

There being four unpaired elections, this configuration would 
give rise 10 four bonds, three (2 p orbitals) of which would be at right 
angles to one another and the fourth (2* orbital) will not have any 
preferential direction. Again three dumb-bell shaped p electron 
clouds would form stronger bonds than the one spherically symmetri¬ 
cal ^-electron because dumb-bell shaped orbitals can overlap more 
than the spherical orbitals. The reality is, however, different, The 
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four C H bonds in methane are equivalrnt, that inclined at at an 
angle of 109° 28'. 

To explain this it is assumed that «he lour orbitals 2s, 2 px, 2p v 
and 2p B can be mixed or hybridised to produce four new orbitals 
eq uiva lent to each other in all lespects This process i% called 
Hybridisation and the four nrw oibitals produced as a lcsult of 


*1 



Collect 4 Hybridize 



K»ur sp* hybrid atomic orbitals Tetrahedral hybridisation axes oi 

with common origin sp 9 hybrid orbitals 

Fig 7 18—Hybridisation of atomic orbitals in carbon atoms 
(ip 9 hybridisation or Tetrahedral hybridisation ). 
hybudiS'ilinn are termed hybridi&sL orbtidn These subu nd 
angle of 100° 28' with each other and are directed towards Li* 
corners of a regular tetrahedron as shown m Fig 7 18 The eqm- 
valence of the four valencies of carbon 


is thus accounted for Since the 
hybndisation has taken plate b> com¬ 
bining one s and three p wave funt ttons 
in the above case, it is cillrd sp A 
(read sp three) hybridisation Since 
the four equivalent orbitals aic airang¬ 
ed tetrahedrally, it is also termed as 
bJruhedral hybridisation. The hvbri- 
dised bonds am stronger than the 
original s or p electron bonds. 

In methane each of tht four 



G—H bonds is formed by the overlap 
oT carbon sp 3 hybrid orbital with is 
erbi'a! of each hvdrogen atom 
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Promotion of the electron fiom the 2# to the 2 p level requires 
eneigy, but the liberation of energy and consequent inrrease in 
stability gained by the formation of four covalent bonds, supplies even 
more energy than is required for promotion of the electron. The 
process ii schematically illustrated in Fig- 7‘20. 




ti ti t t 

CARBON ATOM 


Is ?s 2p x 2fa 2 p_ 

« t t i i 

cXC/reo CARBON ATOM 





fv 


Fir, 7 20 —In siahlc molecules carbon always forms four bonds. 

Now let us consider the lonnation or boron trichloride ^IH'1,1 
Electronic coniiomaiioii ol but on ( \t No -5) is 
l.S-N LV-\ 'IpS. 

Iheo* being oul\ one uup,di(d election boion should \>v 
mo: m. valent, but actualh boron is tnvalent as in BCl 3 . The fm- 
mation ol three covalent \n nrls .s explained by thinking that the two 
2# electrons arc unpaired and one of these is excited to 2p state which 
rciuJcs in the conJijjiii'ation 

]*-. 2v\ LV, 2/V. 

The three half-filled oibitals hybridise to give three hybridised 
icad mj> ivvo^ oi binds mutually inclined at an angle of 120°. 



Fic r 2J gives a jurtoji d illustration of the sp* hybridisation. 
Simple p orbitals have two regions in space in opposite direction of 
the nucleus. In sp- oibitals one ol these legions has shrunk while the 
other has expanded showing that now the electron density is pri¬ 
marily in this latter region. 

The hybrid orbitals are inclined at an angle of 120° to one an¬ 
other. In boron trichloride each of the three &—Cl bonds is formed 
by the overlap of a boron sp- orbital with a chlorine orbital giving 
finally a planar molecule with 120° bond angles. 
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An '•xtrerrv’ly lmpoi tant i onrept of bond angle emerges here. Four 
*p* hybrid orbitals ai r trtrahcdrallv inclined at an angle of 109*5" 
whereat *p 8 h\brid oilntals are planar and inclined at 120". Bond 
angle is govern'd bv Piuli’s exclusion principle and is due to the ten* 
dency of the unpaired dsetrons to get as far from each other as possible, 
FCnowj this wr f predict that angle between two sp hybrid orbi¬ 
tals must be IdO c as discussed in case of acetylene on page 1'74. 

In die light ol hvbndisatjon, v\c can satisfactorily explain the 
Atrurti ul ethvltnc and acetylene 

7 o lorm the bonds required in ethylene, thrre orbitals (one § 
oibitaJ »nd t\s o p mmiuls; of each carbon atom coalesce (hybridise), 
\e t c ;mbin< to lmm identical orbitals, each called an sp z orbital 
Fig- 7 21; 

T he three 8}r oibitals differ only m direction. They lie in the 
same \ line and ait mutually inclined at 120® The carbon atom br¬ 
umes 

C(opV, (ay 2 ) 1 , (*!>')', J ) 1 

four nh mr flections art placed on< in each orbital of the 
iicw h budistd atom In the molecule ol ethylene (C 2 H 4 ) two carbon 
atoms i r joint d tn ah other by a j gma bond lormed bv overlap of 
sp* win sp z orbit il f he four C —li bonds are sigma bonds each 
rrsullu ^ i oin the nvulap ol sp 2 orbital oi caibon with s orbital of 
hydrogen, as shown m tig 7 22 hath one ol these five bonds has 
a symmetrical distnbuLion ol the electron cloud linked with it and 
I s term'd a ^igoia luj borU A a bond is formed by the overlap of an 
tf-orbiLdl m au\ direction or the overlap of p- oi h>bi id orbitals in 
thr diiettion of inter nuclear axis 



Fig 7 22 -The sigma bond skeleton in ethylene (a) Electrons formula, 
(b) Formation of five siema bonds by j-rp* overlap On the case of four C—H 
bond) and rp* — sp % overlip (in case of C—C bond) , ( t) Resultani molecular 
i rhitals 


Aftei formation of sigma bonds there iimams on each carbon 
atom one unhs bndisrd /^-orbital perpendicular to the plane of thr 
C — H and G—C bund* The second bond between the carbon atoms 
tan be formed bv tlie sideways overlap of thesr ^-orbitals as shown in 
Fig. 7*2 3 wherein sigma bonds have been represented by straight lines 



Viz 7*?3— 1 The pi bond in ethylene 
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Electron doud of the bond is unsymmetrica] and concentrated 
above and below the plane of carbon and hydrogen atoms. This bond 
is termed as a p\ (it) bond . The orbital arrangement is like a “hot 
dog”. 


The so-called double bond between two carbon atoms is thus a 
combination of one sigma and one pi bond. 

Similarly, t > form the bond required in acetylene two orbitals 
(one s orbital and one p oibital) of each carbon atom hybridise to 
form two identical orbitals each called an sp orbitals (Fig. 7'24). 


75 2p ORBfTAL Two 5p - HYBRID ATOMIC 

ORBITALS WITH COMMON 
ORIGIN 

Fig. 7’24 —sp hybridisation or Digonal hybridisation. 


The two sp orbitals are linear and the carbon atom becomes 
CM*. p»- 

One ep orbital forms a sigma bond with a hvdrogrn atom and 
the other with the neighbouring carbon atom (Fig. 7‘25). 


<o) (b) 

Fig. 7'25—The sigma bond skeleton in acetylene: 

(n) Formation of three sigma bonds by s-sp overlap (m the 
case of 2 C —H bond* snd sp-rp overlan (in the case of 
C —C bond); (6) Resultant molecular orbitals. 

After formation of the sigma bonds there remain with each ol 
the two carbon atoms two electrons, one in each ol two unhybi idised 



Fig. 7*26—Two pi bonds in acetylene. 

p orbitals. These two p orbitals are perpendicular to one another and 
perpendicular to the sigma bond between them. Each pair ol these p 
orbitals forms a pi bond by sideways overlap as shown in Fig. 7*26 
wherein the sigma bonds are represented by straight lines. 
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The configuration corresponds to a hypothetical hot dog witli 
two buns. 

When electrons of any atom have been placed in hybridised o c- 
bitals, the atom is said to be in a vatonce stale. The atom on its own 
cannot exist in a valence state and energy is required to promote the 
atom to this condition. This energy is obtained through the formation 
of bonds which are stronger with the hybridised orbitals than with 
‘pure* orbitals, i.e., more energy is released with the former than with 
the latter. 

6. Effectiveness of Overlap.— The strength of a covalent bond 
is determined by the degree of overlap of the two orbitals forming a 
bonding or localised molecular orbital. The following points will be 
helpful in predicting the strength of a covalent bond : 

(») Bonding between two s orbitals is weak particularly when 
two orbitals are at different energy levels [c.g., Li and K). Strongest 
bond between s orbitals is between two 1 s orbitals as in hydrogen. 

(ti) The more s character a hybrid orbital has, the weaker is us 
bonding strength. 

(ill) A strong sigma bond is formed by the end-on overlap of two 
p orbitals at the same energy Irvri. The bond is much weaker if tin? 
orbitals have different principal quantum numbers and the bon i 
energy approaches zero as the distance between the two levels in¬ 
creases. For example, G—Br bond in bromobenzene is much weaker 
than C—F bond in fluorobenzene. 

(it?) The sideways overlapping of two p orbitals is much less effec¬ 
tive and results in weak bonding. 

7. Molecular Orbital Theory.—In the valence bond approach 
a bond is formed between two atums when they are brought to¬ 
gether close enough to ensure maximum overlap of the atomic 
orbitals. When the bond is formed only one electron fiom each bond¬ 
ed atom loses its identity and moves in the outer atomic orbitals of 
both bonded atoms. The inner atomic orbitals irom each atom form¬ 
ing the bond arc, however, undisturbed, i.e., e.ic h atom retains its 
own identity. 

According to the molecular orbital theory, the orbitals are asso¬ 
ciated with the molecule as a whole. The quantized molecular orbitals 
of varying energy levels surround both the nuclei of the bonded atoms. 
These molecular orbitals are formed by the coalescence of the indi¬ 
vidual atomic orbitals when the aToms to be bonded come togeth'*-. 
The orbitals of the bonded atoms lose their individual identity. 1 
configuration of the molecule is obtained by entering electrons io'** 
these quantized molecular orbitals in an aufbau order analogous to 
that employed in the filling of atomic orbitals. Corresponding to the 
practice of indicating atomic orbitals by the letters, a, p and d, 
molecular orbitals are assigned similar Greek letter designations a 
(sigma), % (pi), S (delta). 

Two atomic orbitals, one from each bonded atom, whose ener¬ 
gies are comparable in value and which possess a large* amount of over- 



176 ORGANIC CHEMISTRY 

lap, coalesce to form two molecular orbitals. One of these molecular 
orbitals is lover in energy than either of the atomic orbitah from 



Atomic orbita) Molecular orbitah for Atomic orbital 

of A bond between A and B of B 

Fig. 7’27—The formation of two molecular orbitals from the coalescence 
of two atomic orbitals in atoms A and B. 

vhicx it was formed and hence gives rise to an attractive state as 
Jeputed in Iig. 7 27. 1 lie other molecular orbital is higher in energy 
-ird, therefore, gives rise to a repulsive state. This high energy moJe- 
;eiar orbital is termed the anli-Lorulin,? orbital since electrons placed 



Atomic orbitals [.Molecular orbitals Atomic orbitals 

Fig. 7'21^-CofnKining atomic orbitals to form bonding and 
anti-bonding imolecular orbitals for homonuclear diatomic 
molecules. Each molecular orbital can accommodate two 
electrons of paired spins. 


n this kind of orbital decrease the stability of the bond. The anti- 
ceding orbitals are represented by superscript asterisks. The lower 
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energy molecular orbital is called bonding orbital, since electrons plac¬ 
ed in such an orbital increase the stability of bond* 

The molecular orbitals for homonuclcar diatomic molecules 
formed from given atomic orbitals are designated as follows* : 


ala, 

a*\e 

formed from la 

atomic orbitals 

a2 $ t 

©*2 8 


» 2* 

>1 99 

a2p f 

o*2p 

79 

» 2 pa 

99 99 


r,*2p 

99 

» 2y» 

99 '9 

▼•2p, 

w.*2 p 

99 

» 2 p. 

99 99 


These molecular orbitals are shown schematically in an energy 
level diagram in Fig. 7'2B. 

Significance of Bonding and Anti bonding Molecular 

Orbitals To understand the iignifitancc of bonding and anti- 
bonding molecular orbitals in terms of wave functions it is necessary 
to know the electronic charge diifribution of these ortmals. A simple 
method for this consists in the derivation of moieruJar orbitals by 
the linear combination of a omic orbitals (LCAO method)* 

Each atomic orbital is described by a wave function p. Accor¬ 
ding to LCAO method, the molecular orbital wave function Pmo is 
a linear combination (addition or subtraction) of the wave (unctions 
of the individuals (pA and ^b), i.e., 

r »Ab .. (1)** 

v-U .. ( 2 ) 

Squaring Eqn. (1), vve <r ct 

= 20A y'B+0 2 B ..(3) 

It ma> be lei ailed tliat the leim 0’irpre^iits charge density. 
Therefore, A and 0 2 B tepusent i barge densities of the isolated 
atoms while stands lor tin* charge dtriMlv between the two 
atoms bonded in the molei ule. 

Obviously greater the \alue oj j/^ 6, greatri is tlie charge den¬ 
sity between the two atomic 
nuclei and strongei the bond 
between them. It is seen 
from equation (3), that 
charge density of the mole¬ 
cular orbital (^ 2 fr) is g- ^atcr 
than the sum of charge 
densities of the t\ n isolated 
atoms (^ 2 ‘h0 2 B^ by a teim 
2M^B. 

This term rxisls as a 
result of the wH) action or 
overlap oT atomic orbitals. 

Larger tlie overlap, <»re?itei 
the charge density between 
the nuclei and more stable 



Fig 7*29— Plo?% ol electron charge denwt) 
(squaieof wau* fund mn) for j ndi\idcial 
atomic orbiials (dotted line) and bonding 
molecular orbital (sohd line). 


*In an alternative system of nomenclature due to Mullihen a2\. a m 2\ 
a?p,[n v 2p y n a 2p) t (n w *2p «,*2p) and n*lp are also being denoted as zo 
(htc, viz and wo) respectively. 

**lt is assumed that the atomic orbital w«ve function* of two combin¬ 
ing atoms make equal contribution to the result ng molecular oibital. 
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is the bond. This linear combination (^«^A+0B) describes a 

bonding molecular orbital. 

In Fig. 7*29, the electron charge density of the bonding 
molecular orbital represented by the solid line and the 

electron charge densities (0*A and 0*B) of the individual atoms are 
rhown by dotted line. Points A and B in the figure present the 
nuclei of the two atoms. It is seen from the figure that there is 
more concentration of charge between the two nuclei in the case 
of molecular orbital than for the mdnidual atomic orbitals. 
Squarim Lqn. (2 ), wr gel 

tfjrt 2 — ip 2 A 24 >A 0B-f •/'*& “(4) 

It is seen from Lqn. (4) that rliaigc density of the molecular 
orbital (0 ais less than the sum of charge densities of the two 
isolated atoms (0-A-M a B) by the term 20A 0B This means that 
in this molecular orbital there is lesi charge density between the 
mterocrtng atoms thin there would be between the non-interacting 
atoms. The ennrgv of this molerulai oibital is, therefore, greater 
than the sum of the energies of the component atoms A and B, and 
the resultant bond is less stable. The high energy molecular orbital 
obtained by the linear combination A — 0B) is termed anti¬ 

bonding molecular orbital. 



In Fig. 7-30, 0. 2 is 

shown by the solid line and 
thr charge density of the 
separate atomic orbitals is 
icpresented by the dotted 
line. The two nuclei aie 
represented by thr points 
A and B. The point where 
the solid line touches the 
X-axis between the poinLs 
A and B is the node point 
\v here electrons charge 
density is zero. This means 
that electrons are rarely 
fouhd between the ntirlci 


Fig 7-30—Plots of electron charge density 
for an antibonding orbital (solid line) and 
individual atomic orbitals (dotted line) 
in the antibonding orbital and the nuclei repel each other. 

Considering the atomic orbital as a wave having a 
(“f^ignj ancl a trough ( — sign*) as shown 
in Fig. 7‘31, we can interpret bonding 
and antibonding molecular orbitals in 
terms of and signs assigned to 
the interacting orbitals. lithe errsr 
of one wave overlaps the crest ol 
other wave or tiough of one overlaps 
the trough of the other, the new 
wave is reinforced. The new wave 
lesulting from this type of m pka\c 
overlap is analogous to the formation 
of a bonding molecular orbital. Wc 


crest 



TROUGH 


Fig. 731 — Standing waves 
showing crest (+ sign) and 
trough sign). 


*4- and - signs are only arbitrarily assigned to crests and troughs or 
the wave and have nothing to do with the electrical charges 
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can say that a bonding trolecular orbital results from a combination 
of atomic orbitals with identical sign * 

Now if the ciest (+ sign) ni our wave overlaps the trough 
(— si an) of the other, the resulting wa\e is greatly weakened. The 
new wave resulting from such c ui-oj-phase overlap is analogous to 
i he'fot inatinn oi an intibonrljng moJci ular orbital. Thus* w*™ can 
sjyj fb,j| an jntibnndjng molecular oi hital results from an over¬ 
lap o 1 iromn oi ln\*h with npjosjh signs 

Combination of s Orbitals. An H.j molecule is obtained 
by a linear combination of two ir orbitals belonging to the two 
hydrogen atoms. Thus combination of the two* tp- r curves (addition) 
of orbitals [f ig. 7*32 (a)] gives an approximate *f*. f curve for the 
molecular orbital [Fig. 7 32(6)]. 



<a) The y r -T curves for two Is 
atnmiL orbitals of hydro 
gen atoms 

1 lg. 7*32 -The »/#_ r curve for the 
formed by the combination (b\ 
atomic orbitals of two hydrogen 



The ^_ T curve for the <rlj 
molrcular orbital for H* 
molecule obtained. 

nlj rroIecuLar orbital of H* molecule 
addition) of two curves for Is 
a loins 



T I*? 7 13 -TI e bouiiihm suifa^t oi a js moleculai 
orhnal fanned from two isaUni i oibitaK, 

In terms < f tliuig^ clouds the nddnum oi t* o orbitals can 
hi ri jm.5ctiU\ 1 as k hown m Fi . 7 34 

Theicis a». cumulation of nou itivt rln c , Lv\ccn the two 
nudei, 'The accumulated charge holds the uv<, me leu together at 
‘lie inter-nuclear distance. The mu’txulax orbital so obtained is 
said to be a bonding orbital. Wh\ is it named a \$ molecular 
orbital ? Notation er is used on account of its being symmetrical 

•Position of a point P relative (o aunihci point O can be cxpicssed in 

terms of 

(a) Cartesian Coordinates x, i and r or 

b) Polar Coordinates r, 8 and ^. xft , denote variation of the wave 
function with r. 
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about the molecular axis and Is is used Since it is a combination of 
two 1* atomic orbitals. 



(a) Two 1 ? atomic orbitals (b) Resulting crl \ mnkcular orb ial 

Fig 7*34—Charge cloud representation of the fanuanon of <rh moke ilar 
orbital formed from two 1 a atomic orbiLdls. 

The two Is atomic orbitals may now be combined by subtrac¬ 
tion. For this we may add them alter changing ihe sign ol one of 
these as shown in Fig. 7*31 - 



(a) The curves for two 1 r atomi l' (b) The if, r Uirv,. for ihe a *l mok 

orbitals after changing the sign of cular orbital ubliiiitd by cnnkinano i 
one of them of 1 a atomic orbitals bv subtraction 

Fig 7 35 Formation of ar.tibonduig a*ls moke ilui orbital by 
conbination oJ two Is atomic orbuals by s 'btracuon. 

In terms of chaige clouds combination ot two It orbitals by 
subtraction can be represented as shown in Fig 7 3). 



Two 1 ? atomic orbitals with Anfibnnrimp n* \* molecular 

s gn of one chingcd nrbral 

Fig 7 36—Formation of anti-bonding a*J i* molecular orbit.il by combination 
of two h orbitals b/ subtraction shown in terms of boundary surfaces 

It is sern that negative charge is withdrawn from the region 
between the two nuclei. As a result of il the repulsive forces 
between the two nuclei become stronger and its energy increases 
This high energy molecular orbital is termed anu bonding orbital 

Combination of p Orbitals. Overlap of p orbitals can bt 
either end-on (along their axes) to give e ; molerulhr orbi* x[ or 
broadside on 'sideways overlap) to form rr-molecular brbital. Two 
molecular orbitals obtained bv combination ol twd ?p x yiomic 
orbitals are ■ 
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(«) Bonding orbital o2pm obtained by iheir addition, and 
(it) Antibonding orbital <s*2p% obtained by their subtraction. 

Sideway overlap of 2p y or 2p z gives rise to either bonding 
molecular orbital (by addition) n y 2p or n e 2p or antibonding 
molecular orbital (by subtraction) n y *Up or n z *2p. 

The electronic charge distribution of different molecular orbitals 
is depicted in Fig, T 37. It is seen that in the casc of bonding orbitals 


X 

O 


IS 


+ 





O’ 



T IS 


c>o 


+ 0^0 


^>c>p c 50 ,rV 

*7^ C>CZ^O <rzp 



2ft *k 9t k 



0 

» ; 

‘O 


n*tp=n*!f 





Fig. 7*37—Distribution of electronic cb»rpr density of the molecular 
orbnals formed from the combination * f atomic orbitals, 

there is a build-up of electron charge density between the nuclei. 
This increased electron r harge densin loweis the repulsion between 
the positive nuclei and gives rise to bonding or attractive state. In 
the case of anti-bonding orbitals there is only a small charge density 
between the nuclei and hence there i< a net repulsion between the 
two atoms. The anti bonding orbitals therefore, do not give rise to 
bonding. 

The order of the energy levels of these mnlmdai oilntah 
which gives the order in which they hJl up, is in order of mirraum* 

energy. 

Each orbital can hold two electrons. It may be noted that n 9 2p 
and n a 2p bonding molecular orbitals art vf equal energy, i,e. t ihnj 

TOC-I—3*83-6 
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are. degenerate. According to Hund's rule, these orbitals are first 
singly filled and pairing starts only when more electrons are to be 
accommodated. In a similar manner, n v *2p and tt,*2 p anti-bonding 
■molecular orbitals are degenerate and are filled just like degenerate 
“bonding orbitals. 

Relationship between Electronic Configuration and 
/•molecular behaviour 

(I) Bond order We have seen that bonding electrons 
help in the formation of bonds whereas the anti-bonding one* 

► oppose it. A umber of corabwt bonds in the molecule ( also knoum a* 
bond order ) is given by one-half the difference bet veen the number of 
electrons in the bonding orbitals and in the anti-bonding orbitals. 

If number of electrons in the bonding orbital is N* and those 
in antibonding orbitals is N flJ then 

bond order* J(Na- Na) 

T2) Stability of the Molecule. Since electrons in bonding 
orbitals (N&) add to the stability of the molecule whereas those in 
anti-bonding orbitals (X a ) decrease its stability, stability of the 
molecule on the whole depends on their difference. 

(i) The molecule is stable if Na>N«. 

(ii) The molecule is unstable if N*<N«. 

(lit) The molecule is unstable even when N*«=N fl . This is 
because the effect of antibonding electrons is somewhat stronger 
than that of the bonding electrons. 

The stability of a diatomic molecule is given by dissociation 
energy which is proportional to its bond order. 

Nitrogen is more stable than oxygen as is evident from its 
relative inertness towards chemical reaction as compared to 
oxygen*. This is because bond order in nitrogen ( = 3) is greater 
than the bond order in oxygen ( = 2). This trend is a general one. 

(3^ Bond Order may be Integral or Fractional. Bond 

order of 1,2 or 3 corresponds to familiar single, double and triple 
bonds. But bond order may be fractional also. 

(4) Bond Length Related to Bond Order. Bond length is 
inversely related to bond order. The higher the bond order, 
smaller the bond length. 

(5) Paramagnetic or Diamagnetic Character of Mole* 
cule >. A molecule having unpaired electrons is found to be para¬ 
magnetic and the one with all the electrons paired is diamagnetic. 

Based on the above principles the build-up of the electron 
configuration of some hornonuclcar diatomic molecules is given 
below : 

(t) Hydrogen. Hydrogen molecule is-formed by the entry of 
two 1*.electrons'of the two hydrogen atoms into a la molecular orbital 

♦The bond energies cf the nitrogen and oxygen molecules are 945*6 and 
497*9 VJ per mole rcsocctively. 
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with paired spins. Thr molecular orbital configuration of H, is* 
therefore (a l*) 1 , the superscript indicating the number of electrons 
in the molecular orbital. Since both the electrons are in the bonding 
orbital, the number of bonds — $(N&—N a )^if2— 0)=* 1, i.a., the two 
hydrogen atoms are bonded through a single covalent bond in the 
hydrogen molecule. 

(it) Helium. In the case of He*, the four electrons, two from 
each helium atom, are placed in the bonding rrl* and anti-bonding 
<f*ls orbitals giving the configuration [(ejl«) 2 (tj*lf) t ]. Number of 
bonds=J(N a — Nu)=}(2 — 2) =0, i.e., this molecule does not exist* 
since bonding energy of the gIj orbital is more than cancelled by the 
anti-bonding e*ls orbital. 

(m) Nitrogen. There are fourteen electrons in the N* molecule— 
seven from each atom (l* 2 , 2» 2 , 2p 3 ). Molecular orbital configura¬ 
tion of the molecule is 

KK(a2/f) 2 (c*2«) I (c2p) 2 (7t f 2p) 2 (7t,2p) a 

wherein KK denotes thr closed K shell structure (al*) a (e*U) # . It is 
assumed that these dosed shells do not enter into bonding. These 
dosed shells which do not enter into bonds are known as non-bonding 
orbitals and the electrons placed in them are called non-bonding 
electrons. A schematic representation of the formation of the mole¬ 
cular orbitals of N, is given in Fig. 7‘38. 

No. of covalent bonds=4 (Ns— N«) “4(8-2)=3 
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the two nitrogen atoms are bonded through a triple covalent 
bond. 

(tv) Oxygen. One of the greatest successes of molecular orbital 
theory was the relative simplicity with which it explained the para¬ 
magnetism of the oxygen molecule. The molecule of oxygen has 
two electrons more than N 2 . These two electrons must enter the 
anti-bonding n 9 *2j> and p orbitals filling them singly. The result¬ 
ing electronic configuration of the O s molecule is 
KK (e20)*(e*2*)*(e2p)*(* w 2^ 

No. of covalent bonds N fl =i( 8 — 4)=2 

the two oxygen atoms are bonded through a double covalent 
bond. Further the two unpaired anti-bonding electrons make the 
molecule paramagnetic. A schematic representation of the for¬ 
mation of the molecular orbitals of 0 2 is given in Fig. 7'39. 



Atcmic orbitals Molecular Atomic orbitals 

of O orbitals of O. of O 

Fig. 7*39—The formation and the relative energies of 
the molecular orbitals in O,. 

8. Bond Lengths and Bond Energies. —A bond is formed 
between two atoms by overlapping of the atomic orbitals. This 
overlap of atomic orbitals to form molecular orbitals occurs only 
at certain distances between the atoms. This distance between the 
two nuclei is called bond distance or bond length. The bond 
distance between two given atoms, e.g. 9 C—H, is essentially con¬ 
stant in different molecules, e.g., methane, ethane, propane, etc. 
There are, however, some exception* to this which we shall examine 
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later. Normal covalent bond lengths of some commoner bonds am 
given below: 


Bond 

Distance in 

A units 

Bond 

Distance in 

m 

A units 

C—c 

1*54 

C=*C 

1-40 

C—N 

1 *47 

c=c 

1-21 

c—o 

1-43 

c-o 

1*20 

C— F 

142 

C»N 

1*28 

C—Cl 

1-77 

C=N 

115 

C—Br 

1-91 

H—O 

0-97 

C—1 

2 13 

H—N 

1 03 

C—H 

1 12 

H—S 

1*35 


Bond Energies. There are two types of bond energy : 

(i) Dissociation energy (designated by D), and 

(it) Bond energy (designated by E ). 

(0 Dissociation energy ( D), It is the energy required to 
break a particular bond in a polyatomic molecule, in the gaseous 
state, into neutral fragments (free radirals) in the gaseous state, i.e. # 
encigy icquired for the reaction 

A—B(p)-► A '(g) + B ’(g) 

(Free radicals ) 

is dissociation energy, D. 

(ii) Bond energy (E ). In methane all the foui C—H bonds 
are equivalent but thr energy required to break the first bond 
(CH 4 -*■ CH 3 ‘-f-H*) is not the same as the energy required to break 
the second bond (CH 3 * -► :CH 2 -blI ), and so on. That is, the in¬ 
dividual dissociation energies ol the four G—H bonds are different. 
Dissociation energy of C — H bond is found to be different in methane, 
ethane, propane and isobutane. This shows that dissociation energy 
of a bond depends on the nature of the rest of the molecule also. 

In practice, we take an average of all the different values and 
this average value is termed fowl energy. Bond energies (kj/mole 
and kcal/niolc) of some commoner bonds are listed below ; 


Bond 

Energy 

1 

Bond 

Energy 

CHa—H 

kJ 

(kcai) 


kJ 

(kcal) 

426 8 

102 | 

C—N 

284-5 

68 

MeCH*—H 

405-8 

97 1 

C=N 

6151 

147 

Me t CH—H 

393-3 

94 

CaiN 

866* S 

207 

Me»C—H 

374*5 

89 5 

C—F 

447*7 

107 

C—H(av.) 

414 2 

99 

C^Cl 

326*4 

78 

c—c 

347-3 

83 

C— Br 

284*5 

68 

C=*C 

606*7 

145 

C— I 

213-4 

51 

CmC 

803*3 

192 

H—H 

431*0 

103 

C—O 

334*7 

80 

H—N 

389 1 

93 

C-O 

694*5 

166 

H—O 

4644 

111 

C—s 

272*0 

65 I 

H—F 

560*7 

134 

N—N 

163‘2 

39 , 

H—Cl 

426 8 

102 

N-N 

418*4 

100 

H—Br 

364*0 

87 

NaN 

945*6 

226 

H—1 

297*1 

71 

0—0 

1464 

35 

F—F 

150*6 

36 

0-0 

4979 

119 

l Cl—Cl 

242*7 

58 

s—s 

225*9 

54 

1 Br—Br 

188*3 

45 




i i-i 

150*6 

36 
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9. The Hydrogen Bond. —Compounds containing OH or 
NH groups often exhibit unexpected properties, e.y., relatively high 
boiling points. To account for these abnormalities and on the basis 
of available evidence of many kinds, it is proposed that total a 
hydrogen atom lies between two atoms having strong electronegativities, it 
shatoe a unique property of forming a bond or bridge between them, hold¬ 
ing one by covalent bond and the other by purely electrostatic forces* The 
electrostatic bond (hydrogen bond) has a strength of about 21 kj 
per mole (compare with 200-400 kj/mol for most covalent bonds). 
Liquids whose molecules arc held together by hydrogen bonds are 
said to be associated and their high boilmg points are due to greater 
energy required to break the hydrogen bonds. Hydrogen bonding 
between formulae vs generally indicated by dotted lines. For example, 
in 


H H 

H—F...H—F 

Hydrogen fluoride 
{associated) 


H—N.. H—O 

d 

Hydrogen bonding is only a kind of specially strong dipole, 
dipole attraction. When hydrogen is attached tn a strongly electro¬ 
negative atom (e.y., F, O or N), the electron cloud is strongly distort¬ 
ed towards the electronegative atom, exposing the hydrogen nucleus. 
The strong positive charge of the thinly shielded hydrogen nucleus is 
strongly attracted by the negative charge of the electronegative atom 
of the second molecule. The attraction is much weaker than the 
covalent bond holding n to the first electronegative atom. The 
electrostatic attraction is, however, much stronger than other dipole- 
dipole attractions. 

Hydrogen bonding is important only when both electronegative 
atoms cotm from the group : F, O, N. This is because hydrogen 
bonded to one of these three elements only is positive enough and 
further only these three elements are negative enough for the 
necessary attraction to exist. Their special effectiveness is due to 
their high electronegativity coupled with their small size If the 
atom has a greater radius the electrostatic forces are weaker. Since the 
hydrogen atom has a tiny volume, the tiny charge in H^ will exert 
a large electrostatic attraction. On the other hand chlorine, which 
has the same electronegativity as nitrogen, forms very weak hydrogen 
bonds since its atomic radius is greater. 

Hydrogen bonding affects all ph> sio-chemical properties such 
as m.p., b-p., solubility, spectra, etc. For example, association results 
in higher boiling point. In compounds like o-nitraphenol hydrogen 
bond formation occurs intramolecularly, i.einvolving only one 


H—O . h— o 

*1 i 

Water 
( associated) 

R R 

H...O—H 


H—N...H—N 

i 

Ammonia 
(associated) 


h 


H 


J!>—H -i—H 
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molecule resulting in ring formation or chelation. Chelation results 
in lower boiling point, t.e., greater volatility and lower solubility. 



o-nitrophenol p-Nitrophenol (Intcrmolecular 

(Intramolecular hydrogen bonding) 

hydrogen bonding) 

In p-nitrophenol or m-nitrophenol different molecules are 
joined through hydrogen bonding. This is termed Intramolecular 
hydrogen bonding . 

Due to lower solubility and greater volatility, the o-nitrophenol 
can be separated from them and p-isomers by steam distillation. 

The solubility oflower alcohols in water is due to hydrogen 
bonds that can exist between molecules of alcohols and molecules of 
water. 

Hydrogen bonding is responsible for the association of mole¬ 
cules in water for which reason it c cists as a liquid. Since it is absent 
in the H,5 molecules, the Liter exists as a gas. 

Glycerol, GH t OH—CHOH—CH 8 OH, is far more viscous than 
ethanol, C*H s OH. This is because glycerine having three OH groups 
per molecule can form many more nydrogen bonds per molecule. 
This increases the net attraction between all the molecules and hence 
increased resistance to flow. 

10. Inter-molecular Forces and Physical Properties.— 

Various inter-molecular forces which exist in different compounds 
are : 

(а) Inter-ionic forces. In an ionic compound the stiuctural 
units are ions. For example, solid sodium chloride is made up of 
Na + ions and Cl" ions. Each •Na + ion is attached to six Cl~ ions 
surrounding it and each Cl* ion is attached to six Na + ions around it. 
The inter-ionic forces are very powerful electrostatic foices and hold 
each ion in position. 

(б) Inter -molecular forces. In non-ionic compounds the 
structural units arc molecules. The 4brccs holding these molecules 
together are generally very weak and arc of two types as given below : 

(t) Dipole-dipole interaction. In polar molecules there is an 
attraction between the positive end of one polar molecule and the 
negative end of another polar molecule, and so on. As a result of 
this dipole-dipole interaction, polar molecules are generally held to 
each other more strongly than are non-polar moelcules of comparable 
molecular mass. 

(ii) Van der Wants forces. In non-polar compounds there is 
a weak intermolecular attraction due to the electrostatic attraction 
between the nuclei of one molecule and the electrons of the other. 
This electrostatic attraction is largely compensated by the electro¬ 
static repulsion between the electrons of one molecule and the 
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electrons of the other, as well as the repulsion of the nuclei of oar 
by the nuclei of the other. These van der Waals forces have a very 
short range and become significant only when the molecules are 
very close together. They act only between the portions of different 
molecules that are in close contact, that is, between the surfaces of 
molecules. Larger the molecule, larger is its surface area and hence 
stronger the van der Waals forces. As the number of electrons m a 
molecule increases the van der Waals forces between the molecule* 
increase. 

The physical properties of a compound depend largely upon 
what kind of bonds hold its atoms together in the molecule. For 
example, 

(а) Melting point. Melting is the change from a highly ordered 
arrangement of particles in the crystalline lattice to the more random 
arrangement that characterises a liquid. A solid melts when the ther¬ 
mal energy of its particles is large enough to overcome the inter- 
particle forces which hold them in position. 

In an ionic compound the strong inter-ionic forces are over¬ 
come only at very high tcmperatuies and their melting points are 
high. In non-ionic compounds the inter-molecular forces (dipole- 
dipole attraction or van der Waals forces) are weak and their melting 
points are low. 

(б) Boiling point. A liquid boils when thermal energy of the 
particles is enough to overcome the cohesive forces that hold them in 
liquid. Boiling involves breaking away of some molecules from the 
liquid surface. 

As explained in the case of melting point, boiling points of 
ionic liquids are higher than those of non-ionic ones and boiling point* 
of polar liquids are higher than those of non-polar ones. 

(c) Solubility. Ionic substances are generally soluble in water 
due to the following reasons : 

(i) Due to its polarity and ’presence of the hydroxyl group, 
—OH, it has a high solvating power and solvates the ion strongly. 

(ii) Due to its high dielectric constant it lowers the attractions 
between oppositely charged ions once they are solvated. 

In the case of non-ionic compounds, non-polar or weakly polar 
compounds dissolve’ in non-polar or weakly polar solvents and highly 
polar substances dissolve in highly polar solvents (useful rule of Like 
dissolves like). 

It: Acids and Bases. —We have seen above how physical 
properties depend on inter-molecular forces. Chemical properties too 
depend upon molecular structure. Indeed most of this book will 
be concerned with finding out what this relationship is. Let us review 
briefly acidity and basicity, an important chemical property funda¬ 
mental to the understanding of organic chemistry. 

According to Bronsted-Lowry definition, an acid is a sub¬ 
stance that gives up a proton , and a base is a substance that accepts a 
proton* 
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In a typical acid-base reaction 

HX+B * X-+HB+ 

HX being a proton donor is an acid and B being a proton acceptor 
is a base in the forward reaction. In the back reaction HB+ being 
a proton donor is an acid and X“ being a proton acceptor is a base. 
To make a distinction between the two acids and two bases, those 
on the right-hand side of the equation are referred to as the conjug¬ 
ate add and the conjugate base. Thus HB + is a conjugate acid 
of the base B and X" is a conjugate base of acid HX. HX—X“ and 
HB+—B constitute two conjugate acid-base pairs. The acid and 
baae in each conjugate pair differ by a proton. In order that an 
add may exhibit its acidic properties there must be a proton acceptor 
(base) present. Some examples are : 


Acid 

Bast 


Conjugate acid 

Conjugate bait 

HO + 

H.O 

* 

H.CH- 

+ ci- 

HSCV + 

NH, 


NH,+ 

+ so.'- 

NH.+ + 

H,0 

* 

H,O f 

+ NH. 


^— conjugate —^ 


conjugate 


An acid-base reaction always proceeds in the direction of formation 
of the weaker acid and the weaker base. 

In the equilibrium 

HA + H,0 # H,0+ + A' . (1) 

where HA is a strong acid, the fact that equilibrium lies far to the 
right implies that A' has very little affinity for protons. Therefore, 
A" must be a weak base. This observation may be generalised as 

follows : 


The conjugate base of a strong acid is always a weak base and the 
conjugate base of a weak acid is always a strong base . 

Strength of an acid depends on the extent of its ionisation. 
Hence equilibrium constant, K fl of the above reaction gives a quanti¬ 
tative measure of the strength of the acid. Similarly, dissociation 
constant, K* of the reaction B + H z O BH + + OH gives a quanti¬ 
tative measure of the strength of the base. 


K. 


IHA] 


and 


Kd®* 


[BlP][OH'] 

LB] 


The lirger the value of the equilibrium constant, K B , the more 
complete the reaction (1), the higher the concentration of H.O+, 
and stronger is the acid. Similarly, the larger the value oi K&, 
stronger is the base. ____— 


Problem. For acetic acid, CH a COOH. K 0 -r79x 10*». For hydrocyanic 
acid, HCN, Ka=7-2x I0' 1 *. Which is the stronger acid ? 

[Answer. Acetic acid, with larger K„ is the stronger acid.]_ 

In order to avoid writing negative powers of 10, K« is generally 

converted into J>K. (j>K.-log 10 K.). Thus whilc K. jicette 

acid in water at 288K is I-79X lir 5 , its jiK^-logw 1 79x10-* J*'°- 
The smaller the numerical value of pK„ the stronger u> the acid to which 

it refers* 
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A number of organic compounds containing oxygen, e.g.„ 
alcohols, ethers, can accept protons and thus act as bases. 


C,H, OH + H.SO, 
Ethanol 


w C,H| OH + 


hso," 


H 

An oxoniuxn ion 
(protonated ethanol) 


+ HC1 

Ethyl ether 


(CfH»)i O : H + Cl- 
An oxonium ion 
(protonated ethyl ether) 


According to Lewis definition, an acid is a substance that* 
can accept an electron pair to form a covalent bond and base ie a 
substance that can furnish an electron pair to form a covalent bond . In 
other words, an acid is an electron pair acceptor and a base is an 
electron pair donor . This is the most general and fundamental of 
the acid-base concepts and includes all the other concepts. 


A proton is an acid since it needs an electron pair to complete 
its shell. It is a Lewis acid or it is an acid in the Lewis sense. 
Hydroxide ion, ammonia and water are Lewis bases because they 
contain electron pairs available for sharing. 


In reaction between BF a and NH,, boron accepts the lone pais 
from nitrogen forming a covalent bond. 


F 



Acid 


: NH, 
Base 



The Lewis theory does not differ from Bronsted theory witlfr 
respect to substances classified as bases. A substance capable of do¬ 
nating an electron pair (t.s., any Lewis base) is capable of donating, 
electron pair to a proton. Being proton acceptor it is also a Bronsted 
base. Thus both definitions label the following species as bases. 


HO: , HOH , : Cl : , :Br: 

C.H.OH , C a H,OC,H, t : NH, 


Ho:*ever, many species whirh are acid under Lewis definition 
cannot br termed so according to Bronsted definition. A few example* 
are sulph -r trioxide and halides of boron, aluminium, iron (ferric) 
and zinc. The central atom in each case is able to accept a pair, 
of electrons to complete its octet. 


O : 

S: 0 

: O : 


: X : 

A1; X : 

: X: 


X: 

B : X: 
X: 


X : Zn : X: 
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Similarly, a Bronsird acid like H : Cl : , there is no vacant orbi- 

tal to accept an electron pair from a base. There is, theirfore, no 
obvious reason to label it as an add according to Lewis definition. 

Let us try to coir elate the acidity and basicity with the mole¬ 
cular structure. 

Relative Acidity of HV Molecules. To be acidic in the 
Eronsted-Lowrv sense, the molecule must contain hydrogen which it 
can losr as proton. The degree of aciditv will be determined by the 
ease with which it can lose a prntv'n. 1 his may be influenced by 

(n) Tfu .strtvqth <>J tin Y—H bi,nd. The weaker the bond, the 
more easily it wilt be broken to give H + and stronger will be the 
acid. 'Hus is, howevci, found n> be of little significance. 

(6) The (,l*c front gat irxty of Y. The greater the electronegativity 
ofY, the inure easily u can lose *■» H and the stronger the acid. 
Between CM g O —II and H 8 C—H, electronegativity of O being 
considerably greats than that of C, ClI^OH should be a stronger 
acid. This is actually found to be the case as is clrar fiom their 
values. 

pK a ibi <JH b OH ^ 16 , pKc for CH 4 50 

(f) Factor# whig Y~ compared with HY . Founic acid 

(j?K a = 3'77 r is comparatively a strong acid. This is partly due to the 
presence of an electron-withdrawing carbonyl group which enhances 
the election affinity of the oxygen atom to which the incipient 
hydrogen atom n attached. 

A much more impox tant factor, however, is the stabilisation 
of the resultant formate ion by delocalisation. 

o 6 

I - l 

H-v. O ► H—C=0 

(/ho ranontcal structures oj identical energy ) 

There is some stabilisation in fonme acid molet ule itself by 
delocahsat on But this involves separation r ihaigc and is, there¬ 
fore. mu<h less effective. 

O 

II + 

H -C—O—H «—* H 

(fno canonical structures of formic acid) 

As a result of differential stabilisation of formic acid and 
formate ion, equilibrium lies more towards right (formation of 
Connate ion). 

Alcohols (ROH) are weaker acids since in alkoxide ion (RO“) 
obtained there is no such stabilisation by delocalisation. 
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Effect of Substituents on Acidity of Carboxylic Add. 

Phenol is a stronger acid than alcohol, since phenoxide ion CaH 6 0“ 
is stabilised by resonance and no such stabilisation is there in 
alkoxide ion. Any factor that stabilizes the anion more C an it 
stabilizes the acid should increase rhe flcjdity and any factor Lhat 
makes the anion less stable should decrease acidity. 

An elcciron withdrawing substituent stabilises the amon by 
dispersing the negative charge and, therefore, in Teases the acidity, 
On the other hand electron-releasing substituents intensify the 
negative charge on the anion resulting in decrease of stability and 
thus decrease the acidity of the acid. 


- 

G-C< 

An elecu on-*ithdrawing substituent 
G withdraws electrons and stabilises 
the anion 
{Acidity increases) 


An electron-releasing substituent G 
releases electrons and destabilises 
the anion 

(AcuJit y decreases) 


For example, electron-releasing alkyl groups weaken acids, 
while electron-withdrawing halogens strengthen the acids. Thus 

ft) CH3COOH (acetic acid is about one-tenth as strong as 
HCOOH and C,H*COOH (propionic and) containing a larger 
alkyl group is weaker still (Elntron releasing effict of alkyl group). 

(n) Chloro acetic acid (CH a Cl.COOH) is 100 times as strong 
as acetic acid, GHCl t .COOH is still stronger and CCl* COOH u 
10,000 times as strong as CH a GOOH [Electron withdrawing effect of 
Cl atom *) 


(ni) Benzoic acid, G b H r ,COOH is a stronger acid than acetic 
acid, CH 3 COOH due to the fact that C f H»GOO- ion is better 
stabilised due to the presence of benzene nucleus due to which 
extended conjugation is possible. 

In fact too many factors mlluence at id strength which are 
difficult to evaluate. This makes the reliable prediction of acid 
strength lather impossible, We shall, therefore, tackle the problem 
on the basis of only one assumption, nz. (i) the basicity of ion is 
related to rhetron fhlocalisation. 

(i) The greater the electron d(localisation for a given series of 
basic ions, the birg<r tfu' volume over which the electron is delocalised 
and the smaller the electron density (charge/volume). 

(n) The smaller the electron density, the smaller the attraction 
for a proton and the weaker in the base. 

(Hi) The weaker the bau> the stronger is its conjugate acid . 

Example 1. Arrange the following in the order of increasing 

acidity : 

CH V NH 9y H t O and HF 

To predict their relative acidities we shall evaluate the relative 
basicities of their conjugate bases CH,- (methide ion), NHj^ (amide 
ion), OH" (hydroxide ion) and F~ (fluoride ion) respectively. 
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Although size of the atom decreases from C to F, volume 
available to electron increases from C to F. This is because in CH t ~ 

0 

abed 

- MCREAStHQ WLUHt AWLASLi TO ELECTRO" -► 

- fMCREASUG ELECTRO" DELOCAUZAWH » 

- DECREAVUG ELECTRO" MUSKY -► 

- -- ■■■ - DECREASm PtomtATTMCim 

—— - decreasing basicjty ■ ■ - . . » 

Fig. 7*40. 

three-fourths of the volume of carbon atom carrying negative charge 
is overlapped by 3 hydrogen atoms, as illustrated in (a) above 
(Fig. 7 40). Thus, the negative charge on carbon exists over 
approximately one-fourth the volume of the carbon atom. Similarly, 
about two-thirds the volume of nitrogen carrying negative charge 
in NH S " ion is overlapped by 2 hydrogen atoms and the negative 
charge on nitrogen exists, therefore, over approximately one- 
third of its volume. Similarly, there being one hydrogen atom 
overlapping oxygen atom in OH - and none overlapping fluorine 
atom in F" ion, more volume is available to electron. 

Thus we find that as we pass from CH a “ to NH,“ to OH~ to F“, 
the volume available to the electron increases resulting in an increase 
in electron delocalisation. 

As the electron delocalisation increases, the electron density 
decreases from (a) to (d) smaller the electron density, smaller the 
attraction for a proton and smaller the basicity. Hence with increase 
in electron delocalisation from (a) to (d), the electron density 
decreases and the proton attraction decreases. This means basicity 
decreases from (a) to (d). 

As the basicity decreases from CH," to F~, the acidity of their 
conjugate acids increases from CH 4 to HF. 

Hence arranging them in the order of increasing acid strength, 
we get 

CH t < NH, <T H z O < HF 

Example 2. Arrange the following acids in the order of their 
increasing acuWy : 

HF, BCl, IIBr and HI 

To predict their relative acidities, we shall evaluate the relative 
basicities of their conjugate bases F", Cl~, Br~ and 1“ respectively. 

Here the volume of ion increases from F" to I - ,the volume 
available to electron increases from F" to I'. As a result of it electron 
delocalisation increases and electron density decreases from F“ to 1“; 
consequently the attraction for a proton decreases and basicity 
dec reases in the order : 

F“ > Cl- > Br- > I" 
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This makes F~ aa the strongest base and its conjugate acid HF 
as the weakest acid., Similarly I~ is the weakest base and its con- 



■iMC&ASm ELECTION DfUXAi a AWN - 

-oecttAsm electron oewt *-——-►. 


- decreasing proton /a tract on -- 

- —DECREASING BAS'WY ---*. 

Fig. 7-41 

jugate acid HI is the strongest acid of the series. 

/, Arranging them in the order of increasing acidity, we get 
HF < HC1 < HBr < HI 

Thus in general, the acidity of binarv arids increases on pro¬ 
ceeding down a given group and across a given period fiom left to. 
right in the periodic table. 

Increasing acidity 

-- | Increasing 

GH < Nil, H a O HF | acidity 

H,S HC1 | 

H 2 Sc HBr | 

HI i 

If electronegativity alone determined the acidities ot halogen 
acids, HF would be the strongest acid, since electronegativity of 
fluorine is the highest. 

Strength of H—F bond is almost twice that of H—I bond. So 
H—I bond can be more conveniently broken to liberate a proton, 
with the result that HI is a stronger acid as compared to HF. 

So we find that the effect of electron delocalisation as explained 
above and bond strength oveishadows the effect uf electronegativity. 

Relative strengths of some acids and their conjugate bases are 
Riven in a chart (Table 7*1) for ready reference. 

Relative Acidity »f HOY Molecule** 

In compounds of the type HOY the hyhugen i3 present on 
oxygen in each case, as the variation of acidity can only be due to 
variations in the nature of Y. These variations must be transmitted 
to the O—H bond in some way, so that its effect could be felt in 
the acidity of the molecule 

IfYien Al'O'tgly dectron^wUhdrawing group , it will attract the 
electron pan shared between O and Y. This will give some positive 
charge to O which will attract the electron pair shared between 
O and H. Hydrogen will thus get a partial positive character and 
the compound HOY will be more acidic . This mode of tmnemiseum 
of an electrical effect from atom to atom in a chain is termed inductive 
effect (eee Sec. 12 below )» 

r* r 

H-f-O-^-Y 

Electron-withdrawing Y increases acidity. 
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Table 7 1-Add-Base Chart 


(Arranged in the order of decreasing acid strength ) 

Acid Conjagate Bate 


Name 

Formula 

Formula 

Name 

Perchloric acid 

HCIO. 

cio 4 - 

Perchlorate ion 

Sulphuric acid 

H.S0 4 

hso 4 - 

Hydrogen sulphate ion 

Hydrogen chloride 

HC1 

Cl- 

Chloride ion 

Nitnc acid 

HNO, 

NO a “ 

Nitrate ion 

Hydronium ion 

H.O 4 - 

H,0 

Water 

Hydrogen sulphate ion 

HS<V 

so/- 

Sulphate ion 

Phosphoric acid 

h.po. 

H f P0 4 - 

Dihydropen phosphate ion 

Acetic acid 

CH.COOH 

CH a COO~ 

Acetate ion 

Carbonic acid 

HjCO, 

HCO." 

Hydrogen carbonate ion 

Hydrogen sulphide 

Jl,S 

HS- 

Hydrosulphide ion 

Ammonium ion 

nH 4 + 

ISH. 

Ammonia 

Hydrogen cyanide 

HCN 

i N" 

Cyamds ion 

Phenol 

C.H.OH 

C.H.O 

Phenoxide ion 

Water 

H,D 

OH 

Hydroxide ion 

Ethanol 

C s H.OH 

t ,n.o- 

Ethoxide ion 

Ammonia 

NHj 

NHr 

Amide ion 

MethyUmine 

CH S NH, 

CH.NH 

Methylamide inn 

Hydrogen 

H, 

H- 

Hydride ion 

Methane 

CH* 

CH," 

Methide ion 


If Y is a n Hectrcm-rdrasing atom oi group, the electron density 
around oxygen will merrase. As a result of it the electron pair of 
H—O bond is nr.irlv equally shared, making the compound H—O—Y 
4 weaker a< ul 

s r 
H-t-rwY 

Electron-releasing Y decreases acidity. 

Inductive effret ol Y is always compared with that of H in 
H—()—II. If Y 13 more, electro negative t /tan H, YOH will he stronger 
acid than waUr and if Y w less electronegative than H, YOH will be 
weaker acid than watt r. 


For example, in NaOH sodium -Uom ir less electronegative 
(morr electropositive) than hydrogen, so NaOH is an extremely 
weak acid. In HOC1, since chlorine is more electronegative than 
hydrogen, it is a strongci acid man water. 

For oxyacids containing the central atom, the acidity increases 
with increasing oxidation number of this atom. For example, in 
oxyacids of chlorine acidity increases from HGIO to HC10 4 . 


ACID 

FORMULA 

OnOATlOk NUMBER 
OF CHLORINE 

HYROCHLOROUS 

HCIO 

+1 

CHLOROUS 

HClOz 

+5 

CHLORIC 

HCIOj 

+5 

PERCHLORIC 

hcio 4 

+7 


In this case also, a reasonable explanation can be offered in 
terms of electron delocalisation resulting from the delocalised 
pi (*) bonding which embraces the chlorine and oxygen atoms in 
their conjugate bases CIO", CIOj", C10 a ~ and C10 4 “. 

As the number of oxygen atoms increases, the delocalised 
« bond embraces more and more of oxygen atoms, »\s., the dclo- 
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cassation becomes more and more extended. This results in 
decrease in electron density and consequent decrease in proton 
attraction and decrease in basicity. 


[o~r/]~ [o=^-ct-=^o] 



- INCREASING OXIDATION NUMBER Of CHLORW -► 

- INCREASING NUMBER OF tJAV'ofA' ATOMS -► 

- DELOCALIZED PI BOND 9FC0MES MORE tXTENDED -► 

- INCREASING ELECTRON delocalization -► 

-— DECREASES ELECTRON DEN5IT) -► 

- DECREASING PROTON ATTRACTION -► 

- DECREASING BASlCm -► 

Hence basic strength of these conjugate bases is 

cio- > cior > cior >cio 4 - 

CIO- being the strongest base, its conjugate acid, HCIO will be 
the weakest acid. Similarly, C10 4 ~ being the weakest base, its con¬ 
jugate acid, HC10 4 will be the strongest acid. Hence arranging 
them in the order of increasing acidity, we get 

HCIO < HCIO, < HC10* <' HCIO* 

Problem. Consider the following oxyacids of nitrogen : 

HNO, (nitric) ; HNO, (nitrous) and HNO (hyponitrous) 

(a) Calculate the oxidation number of nitrogen in each. 
ib) Predict which acid will be the weakest and which one the strongest. 
Give reasons for your selection. 

ELECTRON DISPLACEMENTS IN A MOLECULE 

Inductive Effect.—Consider a chain of carbon atoms 
with a chlorine atom joined to the end carbon atom. 

—C 1 ^C l —Cl 

In this chlorine atom has greater electronegativity than the 
carbon atom. Due to greater electronegativity Cl atom pulls the 
electron pair shared between C t and Cl towards itself. As a result of 
it chlorine atom acquires a small negative charge and C x acquires a 
•mall positive charge. 

—C a —C a —Ci—Cl 

As Ci is positively charged, it attract towards itself the electron 
pair shared between (J x and C 2 . Thir causes C # to acquire a small 
positive charge but the charge is smaller than the charge on Cj which 
is now almost neutralized. 

-C 3 -C a —C^Ci 

Similarly, C 3 aiquires a positive charge which is less than that 
on C 2 . This type t> electron displacement along a carbon chain is 
termed Inductive effect. Inductive effect is permanent and decreases 
rapidly as the distance from Cl (source) increases. For practical pur¬ 
poses the inductive effect is ignored after the second carbon atom. 
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It must, however, be borne in mind lint tlr- electron pans, 
although permanently displaced, do not h\m. thnr v.weiicy shelh, 
The inductive effect may be represented in a number of ways, [ti 
this book it will br reprrsented as follows : 


For measurement of relative inductive rffecls, atoms or groups 
having greater electron affinity than hydmgcn are said to have — ] 
effect (electron-attracting). Similarly, atoms or groups having 
smaller electron affinity than hydrogen are said to have +1 effect 
(electron-repelling). Some of the groups in the order of decreasing 
inductive effects are : 


NO,, F, Cl, Br, I, OCH s , C.K B , H 
Groups havmg J elTeu 

H, CH„ C,H b , (CH*»,CH, (Cll.bC 
Groups having + 1 effect 


This terminology ( + 1 and — I) is due to Ingold, wliilr Robinson 
has suggested opposite signs. To avoid confusion, w<- shall use 
Ingold's terminology throughout. 


Electromeric Effect —In some reactions one of the t wo 
or three shared pairs of electrons between two atoms (joined by 
double or triple bond) is completely iiansfi i-vil to o«\e of these 
atoms. This is a temporary cfFrr t brought into play at the require¬ 
ment of the attacking reagent and t iki s pUrr instantaneously. It is 
termed elertroineric effect. 


For example, in >(1 = 0 or >11 f . O . one of the two shared 
pairs of electrons is completely transferred to ox ,? g w n and the 


electronii, stucture becomes fc>(J * O:, carbon atom loses a 

share in the transferred pair of electrons and oxygen gains a share- 
\s a result of it, carbon acquires a positive charge and oxygen 
acquires a negative charge. The molecule \\ ; 11, however, revert back 
to its original electronic condition when the attacking reagent is 
removed. 

The electromeric effect is repre<.n>/«rl bv means of a curved 
arrow beginning at the original posiuu ol ibe i lection pan and 
ending where the pair has migrated. Vn r t 'cample, the ab< v mslrr 
of electron pair in >0-0 is indicated as follows • 

r\ 

>G —O— —-t ’ 

Transference of one election pair to i ashen 

r\ > - 

i>c=o-►>G--0 

is most unlikely in view of the fact that ox\ cen us st/oru ’ *i'**n- 

attracting and will oppose the electron tiar^lej <*v *> 

TOC-F—2*83-7 
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In cases where both inductive and electromeric effects occur to¬ 
gether these may be aiding or opposing each other. In the latter case, 
the electiomeric effect generally overcomes the inductive effect. In 
the abov^ example of >C~0, the effects are assisting each other. 

14. Resonance. — Occasionally no reasonable electronic picture 
caustic drawn for a molecule which could satisfactorily account for its 
observed properties. For example, the electronic structure of carbon 
dioxide may be repiesented by at least three possible electronic 
arrangr merits given belov : 


+ . 

0 ‘ c ’ * o : O ■ C ; ; O : : 6 J ; C : O ; 

or O sC®d or O—or ^■C—O 

(1) (H) OH) 

The calculat'd heat of formation of carbon dioxide for one 
formula is 14h4 kj mol 1 and the O—O distance should be 2*40 A. 
However, the observed heat of formation is 1590 kj mol” 1 and the 
O—O distance is 2‘3()A indicating that none of these structures satis¬ 
factorily accounts for its observed properties. This led to the idea 
that ®urh compounds exist in a slate which is some combination of 
two oi more electronic structures each one of which makes some 
contribution to its structure. 

When several stn/rlures may be assumed to contribute to the true 
rtrudure of a molecule, but no one oj them can be said to represtint it 
uniquely , the molecule is referred to ns a resonance hybrid and the 
phenomenon is termed ns resonance. 

The word resonance for this situation should not give us an 
impression that the molecule resonates from one structure to the 
other and the electron pair jfimps bark and forth from one bond to 
the other. This is totalh wiong and the molale has only one real 
electron structure which cannot be phys,ca!l\ described. Thus the 
difficulty lies in the description and not m the molecule itself. 

It is hoped that the following crude analogy will help t 1 r 
reader to grasp the concept of resonance. The mule is a h ♦ brid *' 
the jack ass and the maie. ll has inherited characteristics from both 
the parents. For example, it can carry load like an ass and run last 
like a mare. Howevei, when we look at the mule, we do not see a 
jack ass at one glance and mare at another glance. We see a mule 
always. In a similar manner a resonance hybrid docs not oscillate 
between its canonical structures. Its properties are fixed and these 
are the properties ol the actual hybrid structure. 

Chief conditions of resonance j 

(i) The arrangement of the atoms must be idcntiral or almo.t 
«o in every formula. 

(iij The etieigy r intent of all the canonical forms must 
nearly t hr samr. 

fiVi) L<v'\ »<>rj uijcuI form must have the <ame number (include g 

zer >) of u"i f Vt*i* », 
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Criteria of Resonance 

(i) Heat of formation of a resonance hybrid is abnortnally high . 
The observed heat of formation of carbon dioxide ( = 1590 kj mol" 1 ) 
is greater than the calculated value (= 1464 kj moT" 1 ). The difference 
(■■126 kj/mol -1 ) is called the resonance energy of carbon dioxide, 
•* 8 *> the energy lost when a molecule of carbon dioxide takes 
resonance hybrid iormula described earner. 

(ii) Shorts ung of bond length. In a r' B sn:i nice hybrid thr bold 
length is smaller than in canonical structures. 

(Hi) Stabilisation. Greater the resonance energy, soi din th 
internal energy of the rrsonanre hybrid and gi eater thr stabilit\. 
That is why a system always stabilises itself as a n suit of resonance 
The phenomenon of resonance is also noticed in organic 
pounds. Thus benzene mav be represented bv thr following 
■tructures : 



The energy ol benzene is les>> by about 1 j ) kj rnnG 1 than «h- r.iei^y 
of any or its contributing forms given above. This shrv\.s that *„hc 
actual state is a hybrid intermediate between all the> * possible forms 
so that the ring is not formed by alternate double and single bonds 
but six equivalent bonds. 

A resonance hybrid i** icing represented m a number of ways. 
In this book it will be represented by putting double headed arrows 
between various Vanonie.il structures as shown below lor carbon 
dioxide : 


0=0 = 0 «—► O —Ca(J <—r UsC-O 
A few more examples of resonance hybrids are : 

(i) Nitryl chloride, A T O z CT 

r i 

,o + [ + ^oj- 


l/ 


Cl—Nf - 


\ 


o 


= C, - N \ 


or 


I Cl—Ni 

| x o 
L 

Each N—O bond is halfway brtween single and double, it is 
said to have a bond order of 1$ and frequently nujicn with 
dotted lines to represent partial bonds. 

(ii) Formate ion , TICOO \ 

r - i 




h-cs: 


H CS 


O 


•C) 


o 


H 0 


o, 

( 
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Both C—O bond's have a bond order of 1 A. Accordingly 
C—O bond distance ! 1 '26A) is between C'—O double bond dis¬ 

tance (~ 1’20A) in H.C^O and C—O single bond distance (—-1 43A) 
in UO—CH S . 

(it*) Curb mutt ion. 


O-C; 


o 

o 


o 


- o=c^ 


o—c 




o 


-o 


The resnirtncc hybwd has three equivalent C—O bonds each 
having a bond oid< i ol’lj It has, theieibie, a more single bond 
cliaractcr than those in formate ion (bond order 1$) and is slightly 
longer (~1‘2HA/. 

Relative importance of resonance structures for a mole¬ 
cule or ion can be assessed with the help of the following empirical 
rules : 


(I) Structures in which the second row of elements (Li to F) 
ha>e filled octets are n.oic important than structures having unfilled 
ocuds. Howcvr,. the non-octet strurtmes also contribute to the 
resonance hybrid and this contribution increases as the diflerenre 
in electronegativity between atoms inrieases. For example, 


II 


H 


/ C °\ H 


Hv + - 

>C-<X 

H / 


"H 

(Mort important) {Less important) 

(2) Structures involving a minimum of charge separation are 
more important. 


: O i 

■ II 

H- O—C—H 

f More important) 


i O 

* h 

H—0=C—H 

i. 

{Less important ) 


Incase theic b i barge separation in both the alternative 
structures, th* fc more important structure is the one in which the 
negative ibarge is borne by the more electronegative element and 
the positive charge b> the moie electropositive element. For exam¬ 
ple, in ALTtomtiilr oxide structure. 

H II 


H—C—C-N--0 i H—C—C=N®0 : 


(Afore important) {Less important ) 

Inductand wmnnncc effects t which occur permanently in real 
molecules , or* coilutmly known a& polarization effects. 

15- Delocalisation.—Compounds containing one double bond 
aretrrmed alkem s and thos** containing two double bonds are 
Called alkadienes. Alkadienes give usual reactions of hydrocarbons 
containing two double bonds. Properties • of alkadienes containing 
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double and single bonds (conjugated systems) are abnormal. For 
example, these undergo abnormal addition reactions and readily 
polymerise. 

The abnormal behaviour of conjugated alkadienes is due to 
delocalisation of n electrons. For example, in buta-1 : 3-diene there 
are four p atomic orbitals, one of each oT the four carbon atoms 
(I). Overlapping of the /> atomic orbitals on adjacent carbon atoms 
gives two localised tt bonds (II) Interaction is also possible between 
the p atomic oibitals of the two initial carbon atoms, as well as 
each of these and thi p orbitals on the out tide caibon atoms. An 
alternative formulation is thus a n orbital covering all the four 
carbon atoms (III) in which the Electrons are said to be delocalised 
as they are now spread^over and held in common bv all the four 
carbon atoms. There aie, of course, two such delocalised orbitals 
■each containing two electrons, one above and the other below the 
plane of the rest of the molecule. 

0 0 Q 0 

CHrCH—CH-CH 7 

0 & & 0 

i 

e rr::*. 33 ■ - 

CH r CH-CH-CH 2 

M 

A support Joi the formula (III) is obtained from the fact that 
C=C bond lengths in (IV; are longer than those in ethylene while 
the C—C distance is slightly shoiter than that in ethane. This indi¬ 
cates a partial single bond character of the C~C bond and a partial 
double bond character ol the G — G bond as demanded by (III). 

1Hjpercou j galit — 11 is shown by heat of hydrogena- 
tion\fclta that alkenes aie stabili/.rd not only by conjugation but also 
by the picsencc of alkyl groups: Cthe greater lh<e number of alkyl 
groups attach*d to the doubly-bonded carbon atom, the more stable the 
alkene.j For example, propylene is more stable than ethylene. 

Stabilization by alkyl group has been attributed to delocali¬ 
zation of elections as in butadiene (see above), through over- 



Fig. 7 42—Hyperconjuflation m propylene. 




CH 2 -CH-CH—CH t 

CUD C SZ . 


C}lj=CH-CH=CH t 


TT7 
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lapping between a p orbital and a a (sigma) bond orbital of the alk> 1 
group. Because of this overlapping each pair of electrons helps bind 
together all the four atoms (of C = G and G—H groups). Delocaliza¬ 
tion of this kind , involving a bond orbital , i> called hyperconjugalian. 

There arc various ways of looking at this. The one widely 
used is to rcgaid the H—C bond possessing a partial ionic character 
due to resonance. For example, propylene may be considered a 
resonance hybrid as given below : 

H H+ 11+ 

I - 

H—C—CH=*CH*«-->»H—C—— C = CH—C'H, 

I I I 

H H H 

Hvperconjugation is thus no bond resonance. Its effect is to 
increase the ionic character of the C—H bond and partial delocali¬ 
zation of its electrons. 

As a result of hyperconjugation in 

CH,— CH-CH, (propylene) 

C—H bond is something less than a single bond, C x —C 2 bond has 
some double bond character and G 2 —C 3 bond has some single bond 
character. This is borne out by their bond lengths. Here C—C 

o o 

bond length is J'50A in comparison with I’54A for a purely single 
bond. 

Formation of 1, 2-dibromide on addition of HBr to allyl bro¬ 
mide by polar mechanism, can be explained in terms of hyperconju¬ 
gation. 

H H* 

CH,-CH—CHBr = CH—CHDr «— + 

H+ HBr 

CH,—CH^CHBr —► CH,—CHBr—CH,Br 

The inductive effect of bromine atom would tend to give 1, 3- 
dibromide 

r\ 

CH f -CH—CH.-^Br + HBr-► 

CH,.CH,CH,Br + Br -► CH.BrCH.CH.Br 

But this —I effect of bromine atom being weaker than the hypercon- 
jugative effect, 1, 2-dibromide is formed. 

In the case of allyl alcohol, —I effect of the OH group is 
stronger than hyperLonjugation and is, therefore, the deciding factor 
for addition of HBr. 

TEST YOUR UNDERSTANDING 

1. Indicate the maximu.n number of electrons m a given atom which 
can occupy each of the following ; 

(a) The L shell (6) The n*3 shell (r) The 2p orbitals 

id) The 2p» orbital (e) The 3d orbitals ( /) The 4/orbitals 

(g) The 24 orbitals. 

2. Name the type of orbilal used for bonding in the central atom of each 
o f the following and predict the geometrical configuration for each 

ia) NH, (6) CH* (c) NH,+ id) H.O (*) H,S (/) BF, 
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3. Which of the following hypothetical structures of CCl, will have a 
aero dipole moment 7 

(а) Carbon at the centre of a square with a chlorine at each comer. 

(б) Carbon at the apex of a pyramid and a chlorine atom at cadb comer 
of a square base. 

4. The order of bond lengths in the halogen acids is: HF < HCI < HBr < HI; 
the order of their dipole moments is : HF > HCI > HBr > HI. Offer an 
explanation, 

5. C—O and B—F bonds are known to be polar. How will you account 
foi the zero dipole moment of CO, and BF, ? 

6. Predict the relative acidity of— 

(a) methanol (CH,OH) and methylamine (CH.NH,) 

(b) methanol and methanethiol (CH,SH) 

(r) H,O r and NH 4 +. 

7. Which is the stronger acid of each pair : 

(a) H.O+ or H,0 (b) NH*+ or NH, 

(r) H,S or HS ( d ) H.O or OH" ? 

(e) What relationship is there between charge and acidity 7 

8. Arrange the members in the following groups in the order of decreas ■ 
inp basicity : 

(a) F~, OH , NH,', CIV ( b) HF, H,0, NH, 

<r) OH~, Sli , SeH- ( d) F', Cl', Br, I“, 

V) H,S, HS', S > ; (/) H.O+, H.O, OH' 

[g) NH„ NH," {h) CH a OH, CH,NH„ CH,F. 

(0 What relationship is there between charge and basicity ? 

9 What is Bronsted-Lowry acid in : 

Vfl) HCJ dissolved in water. 

0 b ) HCI (unionized) dissolved in benzene 7 
(r) Which solution is more strongly acidic 7 

10. In which of the following ions, the carbox>l group will lose a pro* 
ton more readily ? Suggest why. 



11. Which of the following anions would be formed preferentially 
when H—O—CH,—H (methanol) loses a proton ? 

0 0 

:0—CHj—Il or H-O—CH, 

(A) (B) 

0 

12. What happens when CH 3 NH 3 is added to water ? 

13. Write resonance hybrid structures fo*- the following ions : 


(/) u CH,OH, (ii) NO,®, (Hi) RN,®. <iV) CH,=CH—CH 
CH, M 

14. /CH— * C£ loses a proton to form the most stable anion. 

CH,' 

Pfedict, giving reasons, which proton has been loiU 



ri04 


ORGANIC CHEMISTRY 


KEY 

1. ( a) 8 (ft) J8 lc) 6 (d) 2 (e) 10 (/) 14 ( g) 0 

2. (a) sp* ; let Trihedral ; (ft) sp* ; iclrahedral ; 

(r) sp* ; tetrahedral ; (d) sp 1 ; tetrahedral ; 

(p) p ; about 90° ; (/) sp 3 ; Iclrahedral. 

Notes, (i) The u -N — H bond angles in NH, arc 107", slightly smaller 
than the predicted mi it has been explained by assuming electrostatic repul¬ 
sion between electron pairs in the valency shell (both bonding and lone pairs) 
and are in the following order : 

Lone pair-lone pair>lone pair-bond pair>bond pair-bond pair 

Tbb is because lone pairs are more concentrated than bonding pairs which are 
stretched in the formation of covalent bonds. Thus the lone pair in ammonia 



Water Ammonia 

Fig. 7*39—Bond ancles in water and ammonia. 


exerts greater electrostatic repulsion on the three bonding pairs which are 'forced 
together'. The bond angle, therefore, decreases from J09’5 & to 107°. 

(tf) In water H—O—H angle is 104’5°, smaller than the calculated tetra¬ 
hedral an£le, and even smaller than ihe angle in NH a . Heie there are two un¬ 
shared pairs of electrons compressing the two bonding pairs which are 'closed up* 
more than in ammonia. 

3. Structure ( a) not (ft) 

4. p=rxd. The value of e is determined by the electronegativity of 
X the order of which is F(4 0)>0(3 0) Br(2’8)> 1(2 5). Here e increases more 
rapidly from I to F than decrease of d from HI to HF. Hence the product 
txd increases from HI to HF. 

5. CO, linear ; BF, flat, trigonal. 

6. (a) CH a OH> CH a NH f ; (ft) CH,SH>CHaOH ; 

(c) H«0+ > NHj + . 

7. (a) H,0+ ; (ft) NH 4 + <c) H t S ; ( d ) H,0. 

*. (a) CHa" > NH," > OH' >F" j (ft) NH,>H 4 0>HF ; 

(c) OH >SH >SeH- ; ( d) F->Cl'>Br>I' ; 

(e) S*“>HS~>H|S ; (/) 0H’>H 1 0>H,0+ ; 

(g) NH. >NHa ; (ft) CH l NH i >CH,OH>CH 1 F 

(o) H.O > ; (ft) HCl ; (c) HCI in benzene. 
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10. In A because the cis variety B is stabilised by intramolecular hydro¬ 
gen bonding bee tween O of the C«=0 group and H of the H—O part the 
COOH group. Extra energy is, therefore, required for removal of a proton 
from B. 

11. Anion A w/JJ be formed preferentially since it is mure stable due to 
negative charge being present on a more electronegative atom. 

12, Following equilibrium is set up 

® pa 

CH,NH. + H t O ^ CHjNH, + H a O^ 

Nitrogen being less eleetionegative than oxygen, a positive charge on nitrogen is 
preferred to 'a positive charge on oxygen Proton will, therefore, be mostly 
attached to amine rather than water, i.e , equilibrium constant will be small. 



© 

ft) 

13 </) 

H,C—0—H H,C=0-H 


0 

0 

UO 

O—N = 0 ^ 0 -N— 0 



© 

0u) 

R— N=N R- N-N 


0 

CO 

(»>) 

H S C-CH--CH, HjC—CH = CH, 


14. Proton on the carbon atom next to the carbonyl group is lost, since 
the resultant an ion, being stabilised by delocalisation, is more stable than 
either of the alternative ions. 

CH ,H CH S v © y H 

;C-C }C-C' 

CH/ N O e CH/ 


QUESTIONS 

Essay Type : 

1. Distinguish between shells, subsheils and orbitals. State rules of 
distribution of electrons into various shells, subshells and orbitals. 

2. Write explanatory notes on the following : 

(/) ionization potential, (/i) electron affinity, and (/ii) electronegativity. 

(De/Ai 1 B.Se . 1976 Supp ,) 

3. Study carefully the table given below and answer the follov tog 
questions : 


Substance 

M.P, (K) 

B.P. (K) 

(!) Helium 

3*3 

4 1 

(2) Methane 

89 

111 

(3) Carbon dioxide 

—i 

sublimes at 194 1 

(4) Carbon tetrachloride 

250 

349*8 

(5) Water 

73 

373 

(6) Sodium chloride 

1073 4 

1686 

(7) Silica 

about 2000 

about 2500 

(B) Diamond 

about 3800 

about 4500 


(«) In which of these substances does hydrogen bonding occur 7 
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(A) In which of these mtcrroolecular attraction is mainly due to van dcr 
Waals forces ? 

(c) Which of them forms a molecular solid made up oF polar molecules ? 

(d) In which of the solid substances do the weakest bonds exist ? 

(r) Which of the solid substances is an ioniL compound ? 

if) How tan you explain the differences in melting and boiling points 
between carbon dioxide and silica 7 

4 Explain why— 

(a) GiycermL is far more viscous than ethanol 

ib) H>drogcn sulphide is a gas whenas water is a liquid 

ic) Methanol is quite soluble in water while carbon tetrachloride is in¬ 
soluble in it 

5 The dipole moments of some molecules are given below : 

Ammonia— 1 46D , Carbon dioxide-zero , Mcthvl chloride -1 86D 

Waters 1 84D. 

Draw diagrammatic represcnialions of the shapes of these molecules and 
indicate the directions of the moments in each case F rom what you know about 
the bond angles and the polarity ul the bonds, suggest a possible explanation for 
tl e observed vames. ‘Dtlhi B Sc Hons / year 1972) 

6 («) Explain the terms ‘conjugate aud and conjugate base' with 
suitable examples 

ib) Arrange the following acids according to ijureaung acid strength, 
givmc reasons lor your answer Isohut>nc aud. propionic acid, ®-chloropropiomc 
acid, {J-chlnroprnpiomc acid. (Delhi B Sc Hons I Year 1978) 

7 ;a) How will vou debne an aud in terms of (i) Bronsted-Lowry, and 
(W) Lewis concepts 7 Give suitable examples. 

{b) Giving reasons slate which is the suonger aud in each ot the follow¬ 
ing pairs 

U) H,0+ and H,0 ; (//) NH 4 4 and NH,; 

{in) li*b and HS ; (n) H t O and OH 

(Delhi B Sr Hons / Year 197S, 72) 

8 [a) The bond angle in C 11« is 11)^5° Flow can this value be ex¬ 
plained in terms of modern concepts 7 

ib) Wh> is uhvlene a planar niolccule ar.d acetylene a linear m deiule 7 

tr' How do bond length and bond strength var> in the following c^es : 

r-c, C~(\ c—ri 7 

(Delhi B Sc Hons l Year 19S0) 


VNSWlJtg 

3 (a) 5 (b) I, 2, 3, 4 let S (d) 1. ic) 6. 

(f) Carbon dioxide molecules arc held together bv van der Waals 
forces I his accounts for its low sublimation temperature. High melting and 
boiling points of silica indicate the presence of strong bonds. This occurs because 
silicon forms four single bonds to four oxygen atoms, giving a network of solid. 

Short Answer Type : 

1. What are atomic numbers of elements whose outermost electrons are 
represented by : (0 2 p *; (ii) ld % . (Delhi B.Sc. 1976) 
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2. How many electrons are there in the valency quantum level of copper 

'At. No =*29) 7 Give reasons [Delhi B 5c 1976) 

3. Which of the orbitals 1/?. 2i f 2p, 3/are not possible 7 Give reason 

(Delhi BSc 1976) 

4. Which of the election distribution in the Be atom is correct in un¬ 
excited slate f/) 1 r ! , 2s*, (//) \s a , 2s 1 , 2 p l ? Give reason (Delhi B Sc 1976) 

5 H () in a liquid while i a gas Fxplamwhy (Delhi B Sc I9 7 6) 

6 I he melting point ol Na( *1 is much higher than that of AlCI 3 Explain 

*h, ? {Delhi B Sc 1976) 

7 In a molecule of N a , ihert is one sigma bond and two pi bond? 

foinmg the two nitrogen atoms Ixplain (Delhi B St 1^ 7 6) 

8 Write down r he canonical forms of the following structures 

it) H*N ill (H ( H-1 M 2 

(o) IF C (II (H O (DtlluBSc ffons 1976) 

9 Writedown 

i , Die Loniugate base of mtmmelhane 

I") fit coniugJic aud of isopropyl aIci hoi < Delhi B SV Hons 1976) 

10 i vplain the difference between electromeric aril uni cn\e effects* 

taking one * u ibk ample in each ease \Ddtu B Sc Hi 1976) 

11 Write ('own the dilicrent canonu aJ forms ol (r) acetamide (i/l methyl 

vinyl keioue (Delhi B Si liens 1976) 

12 Wh ; i dip* 1c moment 1 What useful information Lan we get by 

measuring the dipole moment of a compound 1 (Delhi B St Hun* 1976) 

13 I he 'ipolr nnmen^oF(f) i e zero and that of diethyl ethci is 1 12D 

Predict Lhc diape r t these m dceulcs and indicate the direction of the moments 
ip each case (Di Ihi B Sc Hons 1960, 76) 

14 A neutral it i of an Dement has two k electrons eight L electrons 

and five \f c c turns p?edict from this (/) atomic number (rr) the total number 
it r elect; >n , (///) ' l total number ol p electrons, (a) the total number of d 
< lectron* i Ms urt B Vc 1974) 

1 5 v aihon s.aihon double bond is shot ter than carbon-Larbon single 

bk id Isplunwiv (Delhi B Sr /Ions 1980 KuuIiiBSl I9 7 5) 

i Hint burn. an > oibital is smaller th in a p orbital the bond length 

l i t imil u ubnl dci re iscs as tlu <unounl ot i charactci in a hsbnd oibital 

* i' f 11 in ip* 1 i L v \.har iwtrri to <?/?* (33 3 IJ , r character) m p M) n 0 i Lha- 

r ai r lie i ( i ^ involving i/? a h>bnd orbitals is shor or thu 
t i i hi i \p hv hr id o b t t 1 s ] 

J6 C ark n-iarbon bond di Lance in benzene is intermediate between 
'be b pel distances i.i ct i>lene and emane Acua int lor this 

(Ddlu B it Uims 19$0 , Madrus B S 1974) 

17 W ipe down the elcuioniL sir it tuic ol formald eh^de and indicate the 
'» t ec ton'- election ’ and /,-elections (i t non bonded electrons)" in it 

(Osmanni B Sc 19 * T ?) 

18. Chs'.ifv, giving ''Unable explanation, Ihe Following oon pounds as 
I*t\ i di ids, Lewis bases, neither or both 

(i) AICk, {it) BF„ 

(v) H a O, (w) CjHsONa 


(hi) NH S 


(n> C^H,, 
tellu BSc. 1977) 
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19. What is the difference between resonance and tautomerism 7 Exp la in 
your answer with examples. (Delhi B.Sc. Honr 1977) 

[Hint. See chapter 11] 

20. How will you define acid in terms of (/) Bronstcd-Lowry, and (If) 
Lewis concepts? Give suitable exampie*. 

21. Discuss the variation of nod strength in the following compounds 
giving reasons. Arrange them in the descending order of their acid strength 

(a) HCOOH, (b) CICH.COOH, (c ) CH.COOH, id) Cyi ft COOH. 

(Delhi B.Sc.Hons. 1980 ; Andhra B.Sc . 1977 ) 

22. Explain why 

(a) Phenols are stronger acids than alcohols. 

( b ) Chloro-acetic is more acidic than acetic acid. 

(c) Methylamine is more basic than ammonia. 

(Andhra B.Sc. 197 6 ) 

23. Explain why alcohols have higher boiling points than the corres¬ 
ponding isomeric ethers (Delhi B Sc. Hons. Sith lv78) 



8 

Classification and Nomenclature 
of Organic Compounds 


1. Glassification of Organic Compounds.— The major 

groups into which 01 garlic compounds have been further classified 
are : ' 

(1) Open-chain or Acyclic Compounds. Carbon com¬ 
pounds having open chains of carbon atoms, whether branched or 
unbranrhcd, are referred to as aliphatic compounds. The name 
was derived from the Greek word aUiphar (meaning fat) and arose 
from the fact that first compounds of this class to be studied were the 
fatty arids. A few examples of this class are : 

CH 4 ; CHa—CH,—CH a —CH, ; CH,~CH,—CH.I 

Methane Butane n-Propyl iodide 

(2) Closed-chain or Cyclic Compounds. Organic com¬ 
pounds with a closed chain of atoms arc termed as closed-chain or 
cyclic compounds. When a molecule contains two or more ring 
systems, it is said to be polycyclic. These are further sub-divideS 
in accordance with the composition of the closed nucleus as follows : 

(a) Homo cyclic or Garbocyclic Compounds. The homo- 

cyclic or a?rbacyclic compounds are composed entirely of carbon 
atoms. These may be further sub-divided into two important groups, 
viz., 

(0 Aromatic Compounds. Compounds having a ring of six 
carbon atoms of the benzene type arc called aromatic or benzenoii 
compounds. Aromatic compounds occur chiefly in plants and many 
have fragrant smell, hence the name (Greek aroma— sweet jmcll). 
The following ran be cited as examples of aromatic compounds : 


^CH 

W CH 


HC 

I 

HC 




CH 




C CH, 
II 3 
JON 


CH 


■ CH 


HC' 

I 

HC 




COH 

II 

CH 


CH 


Benzene Toluene Phenol 

(*"*) All cyclic Compounds. Certain homocyclic compounds 
have a ring structure but are found to behave more like aliphatic 
compounds than aromatic. These have, therefore, been named as 
aliphatic cyclic or alicycltc compounds and include the important 


1T09 
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group of polymrthylenea or their compounds, e.g.. 


r»2 



H,r- 

--ru 

1 * 

h 2 c 



"CH g 

on 

o 


Hr - ni-. 

I ! 

HJ - CH { 



Cyclohexane or Cyclopentane or Cyclobutane or 

Hexametbylene Pen tarn ethylene Tetramethylene 

(6) Heterocyclic Compounds In hetrrpcyrhc compounds 
the rings include atoms of more than one kind. \ few examples of 
ihis class are : 


HC 

1 

HC 




CH 


Pyridine 


Cll 

I! 

CH 


HC - 

H 

HC 


Th 

11 

CH 


Hr-- < n 

u d 

ire { h 

o 


Furan 


Thiophen 

This scheme of cUssmcation mav he summuized as follows : 
Organic compounds 


Open-chain, acyclic, or 
aliphatic compounds, 
t.g , methane, butane _ __ 

Homocyclic or carbocyLlic 
compounds 


Aromatic compounds, e g , 
benzene, toluene 


' l 

Closed chain or cyclic 
compounds 
I 

Heterocyclic 
compounds, eg f 
__Pv ridine, thiophen. 


Alicychc compounds, e g , 
cyrlobutane, cyclohexane 


2. Group or Radical.—An organic compound is grnerally 
made up of two or more parts each of which is <all» d a group or 
radical. Each group has its own typical charaitenstic propci ties. 
For rxample, ethylaminc, C 2 H 5 NH 2 molrcuie is made up of : 
(i) ethyl radical, C 2 H 6 , (u) ammo group, Mi,. 

H II 


H -C- C —NII ? 

i i 

H H Amino 
Ethyl radical group 

The radicals determine to a great extent the properties of 
organic compounds. Identical chemical properties shown by all 
amines (methylaminc, elhylamine, propylamine) ate, in lact, the 
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properties of amino group, called the characteristic group or the 
functional group. 

3. Homolog asa Series. — As given above chemical proper* 
tics of an organic compound are, in fact, the properties of the func¬ 
tional group present in it. The rest of the molecule simply affects 
the physical constants (c.g. t m,p„ b.p., density, etc.) and has very 
little effect on the chemical properties. A group or class of organic 
compound* each containing one particular characteristic group (or/ime- 
tional group) constitutes a homologous aeries. Organic compounds 
have been classified into a number of homologous series. 

Characteristics of a homologous series : 

(i) Different members constituting a homologous series can be 
assigned a general formula . 

(u) Every member of the homologous series is known as the 
homoiogue of the other members and differs from its next higher or 
the next lower homoiogue by a common difference, CH a . The homo- 
logucs constitute, so to say, an a utb metical progiession. 

(in) Varioiis members can be prepand by general methods of 
preparation for the series. 

(ir) Different mend>ers possess similir chemical properties. In 
fact their chemical properties are the properties of the characteristic or 
the functional group of the scries. 

[v) Their physical properties show a gradation with the rise of 
molecuUr weight. 

For example, the homologous series of amines is as given-below : 
C n H»n+ \—General Formula 
CH*NH % Methylamine 

C t H % NH 9 Ethylamine 

CiH,NH, Propylamine 

C k N 9 NH % Buiy/amine 


4 Nomenclature of Organic Compounds.—When the 

first clul 1 is born in a family, the parents are quite fussy in naming 
the ciuld. II, however, the number of children multiplies rapidly, 
naming a child becomes a routine. In early days when a new organic 
compound was discovered, the chemists usually named it on the 
basis of its history, e.g wood spirit was so called as it was obtained 
by the destructive distillation of wood. It was later on named methyl 
alcohol (Greek : mdAw=wmc, and huh = wood). Similarly, acetic 
add derives its name from vinegar (Latin : acetum vinegar) of 
which it is the chief constituent. These names are oJl-d common 
or Trivial names. 


As the number of organic compounds multiplied rapidly, nam¬ 
ing each compound on the basis of history, etc., became a problem. 
The need for a systematic nomenclature was felt badly. The work of 
mtematization was carried on by the International Congress of Leading 
Chemists held in Geneva in 1892. They formulated a comprehensive 
and rational system of nomenclature referred to as the Geneva aya* 
tern of nomendature. Slight modifications and improvements have 

To the Student. Homologous compounds react alike because they have 
the tame reactors (functional group). You should not attempt to memorize each 
equation but should concentrate on type reactions that are or general application 
to homologous series. 
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been made in this system from time to time, one of these being at 
liege (Belgium) in 1930 by the International Union of Chemists. 
The modified scheme of nomenclature is also referred to as the IUC 

S stem. The IUC system has been somewhat further modified by 
e International Union of Pure, and Applied Chemists in 1958 and is 
termed TUPAC system. 

For naming a compound according to the IUPAC system we 
proceed as follows : 

(i) Select the longest chain of carbon atoms. 

(ii) Number the carbon chain from the end nearer to the substi¬ 
tuents or functional group. Lowest number must be given to the 
carbon atom bearing the functional group. 

(Hi) Substituents/side chains are indicated by suitable prefixes 
whereas the functional groups are indicated by suitable endings. 

(iv) If more than one prefixes are used, these must be arranged 
alphabetically. 

These rules have been applied while naming various members 
of the different homologous series given below. A detailed account 
of the IUPAC system of nomenclature has been given in the next 
chapter. 

The trend in our presrnt-day nomenclature is towards the 
adoption and use of the IUPAC system but the common or trivial 
names which have been established by common usage cannot be 
ignored. The young chemists should, therefore, master both the 
systems of nomenclature. 

The names of various homologous series and their particular 
members, which we come across in our study of aliphatic compounds, 
are given below : 

(1) Alkanes or Paraffins (Saturated hydrocarbons ). These 
are compounds of carbon and hydrogen with general formula 
These are characterised by linking of various carl>on atoms to each 
other through single covalent linkages (C—C), Some particular 
members are : 

J ^<^41 G a H 9 ; C|H 10 ; G a H ia ; G ( H 14 ; 

Methane Ethane Propane Butane Pentane Hexane 

In the case of first few alkanes, the trivial and the IUPAC 
names are identical. 

HOMOLOGOUS SERIES NAMED AFTER ALKANES 

(2) Olefins or Alkanes (Unsaiurated hydrocarbons) > These 
arc characterized by the presence of a carbon-carbon double 
covalent linkage (C~C). 

General Formula : C n H in . Characteristic group : C—C 

Members : The name derived from alkanes by substituting 
suffix -ane by -ylene (for common names) or -cm (in the IUPAC 
system). For example, 
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Alkane Alkene Common name 

CH* Methane CH t (unstable) MethyJene 

C,Mt Ethane C.H^CH.-CH*) Ethylene 

CfH* Propane C,H|(CH,—CH»CH|) Propylene 

C 4 Hi« Butane C 4 H 4 Butylene 


IUPA 4anr 

Metbene 

Etbene 

Propene 

Butene 


(3) Acetylene hydrocarbons or Alkynes (UnsaturaUd 
hydrocarbons). The alkynes are characterised by presence of a. 
carbon-carbon triple covalent linkage (C»C), 

General Formula : C«H f1l _ i . Characteristic group : CaC 


Members* These derive their names from alkanes by substitute 
ing the suffix -anc by - yne. 

Alkane Alkyrtr Common name IUPAC name- 

C t H c Ethane C,H> (CHaaCH) Acetylene Ethyne 

C*H| Propane C t H 4 (CH,—CmCH) AUylene Propyne 

(4) Alkyl groups or radicals (Univalent frameworks derived 
from alkanes by the loss of one hydrogen aUrm). Alkanes are repre¬ 
sented by the general formula C^H^, ^ or R— H where ‘R* is always 
0,142,!+!. T he group 4 R" is termed as alkyl gioup and is a univalent 
radical. 


The alkyl groups derive their names from Alkanes by substitu¬ 
ting the suffix -ane hy - yl . 


Alkanes 


Alkyl Groups 


CH 4 

C.H t 

C 4 H w 


Methane 

Ethane 

Propane 

Butane 


CH,- 

C,H,- 

( — 


Methyl 

Lthyl 

Propyl 

Butyl 


The prop\ 1 radical may be 
CH, CH..CH,— 

$:>«>- 


Propyl radical 
Isopropyl radical 
or 1-Merhylcthyl 


Tht butvi radical may be 


CH, CH, CH..CH,— 
Butyl 


C,H, 

CH, 


^CH— 


sw-Buty] 


y CH CH f — 
CH,'' Isobutyl 


CH as 

ch,,;c- 

CH,/ 

Jfrr-Buly) 


Nnte. A carbon atom attached to two other carbon atoms is) termed 
Secondary and when attached to three other carbon atoms is called Tertiary. 
In rec-Butyl one valencv of secondary carbon atom is frije while in ferr-Butyl 
one valency of a ternaiy carbon atom is free. 

Similarly the pentyl or amyl radical, CYH ]t — may be 


C,H.\ 

/ CH- 
C,H,/ 
1-Etbylpropyl 
TOC-I-283-8 


(CH,),C—CH„ —Neopentvl 
(having one quaternan C-atom) 
CH, CH,.CH».CH,.CHi— ; CH,-CH-CH,.CH,— 
Pentyl | 

CH, 

Isopentyl radical 

C,H,\ 

CH ,->C- 
CH./ 
frrt.Pcntyl 


C,H,\ 

>CH— 

CH,/ 

1-Metbylbutyl 
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Eight trivial names 
1957 IUPAC Rules arc : 

toi branched alkyl groups recognized 

(•) * Isopropyl 

or 

1-Meihylethyl 

(it) *Isobutyl 

or 

2-Methylpropyl 

[Hi) *sec-Butyl 

or 

Methylpropyl 

(ie) •f^rf-Butyl 

or 

1, 1-Dimethylethyl 

(r) *Isopentyl 

or 

3-Methylbutyl 

^vi) •Ncopcntyl 

or 

2,2-Dimcthylpropyl 

(vii) *tert -Pentyl 

or 

J,J-Di methylpropyl 

(sis) *Isohexyl 

or 

4-Methylpentyl 


•For the unsubstituted group only. 

(5) Alkenyl group*. (Univalent residues derived from alkenes 
by loss of one hydrogen atom). Some common alkenyl groups are : 


Alkenyl 

Parent 

Common 

JUPAC 

radical 

alkene 

name 

name 

CH.-CH- 

CH.-CH, 

ethene 

Vinyl 

Etbenyl 

CH.-CH-CH,- 

CH,=CH—CHj 
propenc 

Allyl 

2-Propenyl 


FI 

— 

1-Property 1 


QH,— CiMgf butene) — Butenyl 

(6) Alhynyl yronpm (Univalent residue* derived from alkym&e b§ 
Moss of erne hydrogen atom). Some common alkynyl groups are : 

' ^ __ rrmir 


Alkynyl 
group 
CH=C— 

CH=C—CHj— 


Parent 
a/lcyn 
CH=CH 
ethyne 

CH=C—CH, 
propync 


Common 

name 


Propargyl 


IUPAC 


Ethynyl 

2-Propynyl 


(7) Alkyl halide*. These are monohalogen derivatives of the 
alkanes obtained by the replacement of one hydrogen atom by a 
halogen atom, X. 

General formula : RX ; Characteristic Group : X. 

Common names of alkyl halidrs arc derived from the alkyl 
group present while in the JUPAC system these are named as 
substituted alkanes. 


Formula 

CH..CI 

CH*.CH,Br 

CHt-CH.CH.1 

CH.CH1CH, 

CH,.CH,.CH 1 .CH i Br 

CHi-CH.CH|Br 

d:H, 

CH, CH,.CH.CH, 

I 

Br 


Common name 
Methyl chloride 
Ethyl bromide 
Propyl iodide 
Isopropyl iodide 
Butyl bromide 
lsobutyl bromide 


jrc-Butyl-bromide 


IUPAC name 
Chlorome thane 
Bromoethane 
J-iodoprop&ne 
2-iodopropane 

1- bromobutane 

2- Methyl- 

1 -bromopropana 

2-Brotnobutaoe 


To the Students. The first step in learning Organic Chemistry is to learn 
Homeoclature of Organic Compounds. If you start reading preparation and 
ppmenies of various organic compounds without mastering this, you are sure 
to complain that Organic Chemistry n difficult, uninteresting and above your 
tm«d. Master this chapter and you will limply play with organic compounds. 
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CH, 


CH,—C Br ferr-Butyl bromide 

CH, 

A few alkenyl halides and alkynyl halides 
CH,—CH—Cl Vinyl chloride 

CH,—CH—CH,Cl AUyl chloride 

CHssC— CH,C) Propargyl chloride 


2-B romo * 2-mc i b y»• 
propane 


are : 

Cliloroethene 
3-chloro-l-propcna 
J-chloro-1 -pnopyne 


(8) Dihalogen derivatives. The dihalogen derivatives of 
alkanes are obtained by replacement of two hydrogen atoms by two 
atoms. If the two halogen atoms are attached to the same carbon 
atom, the derivative is called an alkylidene halide, whcicas it h 
termed alkylene halide if the two halogen atoms are attached to two 
different carbon atoms, Hence for the dihalogen derivatives, 


General Fon xula : C* H..X, 


Characteristic Croup * 


Alkylene halide 

>C—X 

I 

>C—X 

Two halogen atoms 
airached to different 
carbon atoms 


Alkyfidene halide 

-cx, 

>c- 

Two halogen atonic 
attached to the same 
carbon atom 


Members ; 


Common name : 


/UPAC name ; 


CH,Br 

<^H,Br ; 

Eih>lene 

bromide 

1,2'dibromo- 

ethane 


chj 

CH|1 ; 

Ethylene 

iodide 

1,2-di- 

todocthane 


CH, 

t^HBr, ; 

Ethyhdenc 

bromide 

1,1-dibromo- 

ethane 


CH, 

! 

thlCi. 

Eihylidene- 

chloridi 

l.l-dich! >ro 
ethane 


(9) Tri- and Tetra-halogen derivatives. Like dihalogrn 
derivatives we have for tri- and tetra-halogen derivatives : 


General Formula ; C*H f „_,X 3 and 

Characteristic Group : X M and X A 


Members : 


CHCI 3 ; CHI a 

Chloroform or Iodoform or 
Tnchloro- Triiodo- 

methane methane 


CCI 4 

Carbon 

tetrachloride or 
Tctrachloromethanc 


(10) Monohydric saturated Alcohols or Allcanols. Hydroxy 
derivatives of alkanes are called alcohols. Those obtained by 
the replacement or one hydrogen atom by one hydroxyl group are 
called monohydric alcohols , Thus for monohydric alcohols, wc have 

General Formula : C*H 2fl+l OH or ROH 

Characteristic Group —OH 

Alcohols are named after the alkyl group present {Common 
names) or after the alkane from which these are derived>«(IUPAG 
system of nomenclature). The final e of the alkane is replaced by -ot 
Some particular members >f the scries are : 
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Formula : * 

CH,0H ; 

C,H,OH; 

C,H,OH; 

C,H,0H 

Common name : 

Methyl 

Ethyl 

Propyl 

Butyl 


alcohol or 

alcohol or 

alcohol or 

alcohol ov 

IUPAC name : 

Methanol 

Ethanol 

Propanol 

Butanol 


Two propanols are : 

CHj.CHf.CH.OH ; CH,.CHOH.CH, 

1-Propanol or 2-Propanol or 

Propyl alcohol* Isopropyl alcohol 

Similarly, write four butyl alcohols. 

The common unsaturated alcohols we come across are ' 

CH.-CHOH CH, - CH—CH,OH 

Vinyl alcohol Ally 1 alcohol 

[Unstable) 2-Propcne-l-ol 

(11) Dlhydric alcohols, Glycols or AlkaoHliols. The 

dihydroxy derivatives of alkaaes are termed dihydric alcohols or 
glycols. For the homologous series : 


General formula : 


CM nn 


y OH 
X OH 


Characteristic Group : 

> C—OH 

>1:—oh 

Two —OH groups attached to different C atoms. 


The common names of glycols are derived from the correspond¬ 
ing olefins. According to the IUPAG system of nomenclature, 
the class suffix is -dial and these are taken as denvutivrs l f alkanes. 
For example, 

CH,OH CH,— CHOH 

Formula : 1 I 

CHtOH CH.OH 

Common name : Ethylene glycol or Propylene glycol or 

IUFAC name ; 1,2-Ethanediol 1 2-Propanedicl 

(12) Trihydric Alcohols or Alkanetrioln. These are tri¬ 
hydroxy derivatives of alkanes with 


General Formula : 
Characteristic Group : 



Ah Ah Ah 


Three —OH groups 
attached to three 
different carbon 
atoms. 


CH,(OH)—CH(OH)—CH,OH, Glycerol or 1, 2, 3-Propatu. 
triol is the most important member of the homologous series. 


Note. Use of prefixes like n, iso, stc, tert and neo- with aifr» r ~.t 
alkyl groups most be avoided while writing IUPAC names. For example 


(i) CH,.CH,.CH,CH, 

(W) CH.CHCH.OH 
CH, 

m CH,.CH,.CHOH.CH, 
CH, 


[iv) CH,—C—OH 

CH, 

CH, 


is to be named as butane and not as 
n-butane. 

is to be named as 2-raethy l-1-propanol 
and not as isobutanol. 

is to be named as 2-Butanol and not as 
Jet-Butanol. 

is to be named as 2~methyl-2-pfo» 
panol and not as /trMIutanol. 


(r) •CH,.*C—»CH,OH 

Ah, 

Neopentyl alcohol 
{Common name) 


is to be named 2, 2-dimethyl- 1-pro- 
panol and net nw-pentaool. 
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(13) Ethers or Aik oxyalkanes. The general formula of the 
ethers is R—O—R' with —O— as the characteristic group. When 
the two alkyl groups are the same, the ethei is said to be simple 
while another with two different alkyl groups is termed mixed 
ether. Some particular members are : 


Formula 


Common name 


JVPAC name 


CH..O.CH. Methyl ether or dimethyl Methoxymethane 

ether ( simple ) 

C,H,.O.CH, Ethyl methyl ether {mixed) Methoxyethane 

C,H t .O C,H| Ethyl ether or Diethyl Ethuxyeihanc 

ether {simple ) 

(14) Ketones or Alkanones. The functional group of ketonei 

R \ 

is >C=0 and their general formula is ^C = 0. Like ethers, 

u •/ 


ketones may be simple or mixed. The lower friembers are commonly 
named according to the alkyl groups attached to the ketonic groups. 
In the IUPAC system, ketones are designated by the suffix * one 
which is added to the name of the hydrocarbon from which they are 
derived. A lew particular members are : 


Formula of the Ketone 


CH, X 
CH / 


c=o 


Common name 

Dimethyl ketone 
or Acetone 


IUPAC name 

Propanone 

(.Simple) 


CH, CH, CO.CH..CH, 

C,H, 

or /C=a O 

c,h/ 

CH,*CO,CH,.CH,.CH, 
CH 3n 


c,h 7 


^>C-0 


Dicihyl ketone 
(Simple ) 


Methyl propyl 
ketone 


3-Pentanonc 


2-Pcntanone 

{Mixed) 


(15) Thloalcohols, Thiols ur Mer cap tans. The general 
formula of thioalcohols is R—SH with —SH as the characteristic 
group. Thioalcohols are named alter the alkyl group present (common 
names) or after the alkane from which these arc derived (IUPAC 
names). The suffix thiol is added to the name of the alkane. Some 
particular members are : 


Formula : 
Common 
nan e : 


IUPAC name : 


CH.SH C,H,SH 

Methyl Ethyl 

ihioalcohol ihioalcohol 

or Meihyl or Ethyl 

mercaptan mercaptan 

Methanethiol Ethancthiol 


c,h 7 sh 

Propyl 
ihioalcohol 
or Propyl 
mercaptan 
Propane thiol 


C,H,SH : 
Butyl 

thioalcohol 
or Butyl 
mercaptan 
Butane thiol 


(16) Thioethers or Alkyl sulphides. The general formula 
for thiocthers is R—S—R with —S— as the characteristic group. 
These are ethers in which the oxygen atom has been replaced by 
Bulphur. They are named by adding the prefix thio- to the name of 
the corresponding ether. Some individual members are : 


Formula, Name 

CH f —-S—CH. „ Dimethyl sulphide or Methyl thiocther 

CtH.-S-C.Hg Diethyl sulphide or Ethyl thioether. 
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In the IUPAC system RS group is termed alkyllhio and 
thioethers are named as (alkylthio) alkanes. For example 


Formula IUPAC Nam* 

CH, —S —CH, (Mcthy I ih io) methane 

C,H,—S—C,H, (Eihylthio) ethane 


(17) Alkyl Nitrite. This group of compounds is assigned the 
general formula R—O—N=0 with —O—N=0 as the functional 
group. Nitrogen is trivalent in the nitrite radical. Some particular 
members are : 


CH,—O—N*=0 
C,H,—O—N*0 
C.H,—O-N-O 
C,H,~0—N*0 


Methyl nitrite 
Ethyl nitrite 
Propyl nitrite 
Butyl nitrite 


(18) Nitroparaffina or Nitroalkaaea. These are named as 
the nitro derivatives of the corresponding paraffins. The general for- 

s° 

mula of the homologous series is R—N v with —N v as the func- 

X ° N ° 

tional group. Nitrogen is pentavalent in a nitro group (cf. nitrite). 
Some individual members are : 

NO, NO, 

*0 ,0 II 

CH,—N£ C,H,—CH,—CH,—CH, ; CH,—CH—CH* 

x o 

Nitro methane Nitroethane 1-Nitropropane 2-Nitro propane 


(19) Amines. Aikyl derivatives of ammonia (NH 8 ) are called 
amines. These are called primary, secondary or tertiary depending 
upon the number of hydrogen atoms of NH a replaced. Individual 
members are named according to the alkyl group or groups attached 
to the nitrogen atom while a mine, remains as the suffix in each case. 

Primary Amines 

General formula : R—NH, : Characteristic Group : —NH, 

Members : CH.NH, ; C,H,NH, ; C,H,NH, ; C.HJNH, ; 

McthyJamine Ethylaminc Propylamine Butylunine 


Secondary Amines 


R v 

General Formula : ,NH : 

D / 

Characteristic Group 

: ^>NH 

Members 

IV 

(CH,),NH ; 

CH, V 

yNH : 

C,H/ 

C.H. 

;nh 

c.h/ 


Dimethylamine 

Ethylmcthylamuic 

Diethyl amine 

Tertiary Amines 

{Simple) 

(Mixed) 

( Simple ) 


General Formula : R,N : Characteristic Group : naN 

Members. (CH,),N : (CiHJ.N 

Trimcthylamine Trie thyla mine 


In the IUPAC system primary monoamines are preferably 
named substitutively by adding the suffix amine to the name of 
the chain or ring system to which the NH t group is attached. 
Terminal e of the alkane is omitted. For example, 
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Formula 

CH a NH, 

C 2 H 4 NH, 

CH, —CHCH^CHj 

NH e 

CH, 

i 

CH,C'H 2 CHjCHNH 3 

Secondary and tertian, a 
rivatives of the highest rank! 
For example, 


WPAV Same 

McLhanaminc or Mcthylamioe 
Ethanaminc or Ethylamine 

2 Butanamine or 
jeoButylaminc 

2-Pentanaminc 

nes are preferably named as de- 
priman amine structure present. 


CH/H-jCH.NIK JI 3 is termed iV-Methyl-l-propanumine. 

As alternatives to alkanaininc-tvpe names lor the secondary 
and tert arv amines, substitutive names as alkyl derivatives of 
NH 3 are acceptable, as given below : 


Formula 

t HjCH.CH—CIL 

I 

NHCH, 

CH i CH,NUCH|C H s 
'CH/'H.KN 


/ VP A (' Same 
.V-Meihyl-2-bulanamme 


V-Ethyletbanamine 
or Diethylaminc 
S , N-diethylethanamine 
or Trieihyiamine 


'2(b Fatty acids, Mono-carboxylic acids or Alkaaoic 

acids. A carhoxvl group (—COOH) is the functional group of 
fatty acids while RCOOH is their general formula . Their IUPAC 
names arc derived from the name of the corresponding alkanes by 
replacing the final -e with -cnc and adding the word acid as shown 
below : 


Formula 

HCOOH 

CH.COOH 

c.h.cooh 

C,H 7 COOH 

C*H,COOH 


Common name 
Formic acid 
Acetic acid 
Propionic acid 
Butyric acid 
Valeric acid 


IUPAC name 
Mjihanuu. acid 
FJhanoic acid 
Propanoic and 
Butanoic a-id 
Pcnunoit acid 


(2P Dibasic acids. Dicarboxylic acids or Alie n it edioic 

adds. These can be represented by tlie general formula* 
C,H 2 „(COOH), wherein two *arboxyl groups constitute the func¬ 
tional group. Some typical members arc : 


Formula Common name 

COOH 

I Oxalic acid 

COOH 

.COOH 

CH*' Malomcacid 

x COOH 
CH.COOH 

I Succinic acid 

CH.COOH 


IUPA C name 
Fthanedioic acid or 
Dicarboxylic acid 

Propanedioic acid or 
Mcthanedicarboxylic 
acid. 

Butanedioic acid or 
J, 2-hthanedicarboxylie 
acid. 


In addition to the above saturated dibasic acids. 


CH.COOH 

11 

CH.COOH 
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is the formula representing butenedioic adds (maleic and fumaric 
adds)—two important unsaturated dibasic adds. 

HOMOLOGOUS SERIES NAMED AFTER ACIDS 

(22) Aldehyde* or AlkaaaJs. The aldehydes are represented 
by the general formula RCH»0 or RCHO wherein —CH=0 or 
—CHO constitutes the functional group. 

Their trivial names arc derived from the acids which they give 
on .oxidation by repladng the suffix -ic acid by aldehyde. In the 
IUPAC nomenclature the name of an aldehyde is derived from 
the corresponding alkane by replacing the final e by at as given 
Hbelow : 


Formula 

Corresponding acid 

Common name 

IUPAC name 

Q 

ViCHO -+ 

HCOOH 

Formic acid 

Formaldehyde 

Methanal 

C3 

CH.CHO . 

CH|COOH 

Acetic acid 

Acetaldehyde 

Ethanal 

C.H.CHO 

C,HiCOOH 
Propionic acid 

Propionaldehyde Propanal 

o 

CJI.CHO -► 

C,H 7 COOH 

Butyric acid 

Butyraldehyde 

Butanal 

(23) Acid amides. These are compounds in which the 
hydroxyl group present in the carboxyl group of an acid has been 
replaced by the amino group (—NH t ). 

✓° 

R — c— OH 
Carboxylic 
acid 

R—C—NH, 

Acid 

amide 

—<£-oh 

Carboxyl 

group 

✓° 

—C-NH, 

Amido 

group 


Their common names have been obtained by repladng the 
suffix, -ic acid of the corresponding acid by amide. According to the 
IUPAC system, the final e of the parent alkane is replaced by 
amide. 


Formula Parent acid 
HCONH. HCOOH 

Formic acid 
CHiCONH, CH.COOH 
Acetic acid 


CACONH, C|H t COOH 
Propionic acid 
GtH'CONH, C,H,COOH 
Butyric add 


Common name 
Fonnamide 

Acetamide 

Propionamide 

Butyramide 


Parent alkane 
Methane 

Ethane 

Propane 

Butane 


IUPAC name 
Methanamide 
or Formamide 
Ethanamide 
or Acetamide 
Propanamide 

Butanamide 


(24) Aeid chlorides or Acyl chlorides. The acyl chlorides 
may be prepared by replacement of the hydroxyl group in the 
carboxyl group by chlorine. Their general formula is 



R—C—Cl wherein RC— is called the acyl radical. 


To the Student. Note carefully the suffix for an alcohol and an aldehyde 
ol is metnyl alcohol whereas amthana] Is formaldehyde. 
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Their names are derived from the corresponding adds by re- 
plaring the suffix -sc acid by -yl chloride as illustrated below : 


Formula 

Parent acid 

Common name 

IUPAC name 

HCOC1 

HCOOH 

Formic or 
Methanoic acid 

Formyl chloride 

Methanoyl chloride 
or Formamide 

CH.COCl 

CH.COOH 

Acetic or 
Ethanoic acid 

Acetyl 

chloride 

Ethanoyl chloride 
Acetamide 

C.H.COCl 

C,H,COOH 
Propionic or 
Propanoic acid 

Propionyl chloride 

Propanoyl chloride 

C,H t COC1 

C,H 7 COOH 
Butyric or 
Butanoic acid 

Butytyl 

chloride 

Butanoyl chloride 


(25) Add anhydrides. The acid anhydrides may be regarded 
theoretically as being derived from an acid by the removal of the 
molecule of water from two molecules of the acid. 


RCOO h 1 —H,0 RCO. 

--+ >0 

RCO' 

RCOiOH 

Two molecules Acid anhydride 

of an acid (General Formula) 

These are named as the anhydrides of the add radicals pre¬ 
sent, e.g.. 

Formula Parent acid Common name IUPAC name 

CHiCO^ CH,COOH Acetic Ethanoic anhydride 

y O Acetic acid or anhydride or Acetic anhydride 

Ctt,CO / Ethanoic acid 

C,H»CO v C,H 6 COOH Propionic Propanoic anhydride 

yO Propionic or anhydride or Propionic anhydride 

CiH.CO' Propanoic acid 

(26) Enter*. The esters are formed when the hydrogen atom 
in the carboxyl group is replaced by an alkyl group. 

RCOOH RCOOR' — COOR' 

Carboxylic Fster Functional Group 

add (General Formula) of an ester 

These arc named as the alkyl salts of the parent acid as given 
below : 


Formula of 
the Ester 

Parent acid 

Common name 

IUPAC name 

HCOO.CH, 

HCOOH 

Formic or 
Ethanoic acid 

Methyl formate 

Methyl methanoate 

CH.COO.CH, 

CH a COOH 

Acetic or 
Ethanoic add 

Methyl acetate 

Methyl ethanoic 

C ( H|COOC 1 H l 

C t H,COOH 
Propionic or 
Propanoic acid 

Ethyl propionate 

Ethyl propanoate 

C.H.COOC.H, 

c.h t cooh 

Butyric or 
Butanoic acid 

Ethyl butyrate 

Ethyl butanoate 
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(27) Alkyl cyanides, Nitriles or G&rbonitriles. The Junc¬ 
tional group of alkyl cyanides is the —CN or —CasN group whereas 
R —CN or R— CbN is their general formula . 

These are commonly named either as the alkyl cyanides or ai 
the nitrile of the acid which is produced on their hydrolysis by 
changing the suffix - ic acid by - onitrile , 

Their IUPAC names, however, follow the parent alkane a* 
illustrated below : 

Formula Acid formed Common name IVPAC name 

on hydrolysis 

H t O 

HCN —► HCOOH Hydrogen cyanide or Methanenitrile 

Formic acid Formonitrile 

H,0 

CHiCN —► CH,COOH Methyl cyanide or Ethanenitrile 

Acetic acid Accionitnle 

H f O 

C f H|CN —► C^COOH Ethyl cyanide or Propanenitrile 

Propionic acid Propiononitrile 

(2B) Alkyl isocyanides, or Isonitriles. These may be regarded 
as derivatives of alkanec formed by replacement of one hydrogen 
atom by the —NC or —N^T*C group which constitutes their func¬ 
tional group . They may be represented by the general formula R—NG 
or R—N^C. Their common names follow from the alkyl group 
present. Their isonithlc names follow from the isomeric nitriles. 
For example, CH 3 CN is acetonitrile and CH S NC is acetoisonitrile. 

Ac cording to IUPAC recommendations, members of the class 
RNC, properly called isocyanides, should be named substitutively. 
As a substituent NC is termed carbylamino. Thus CH„NG is 
carbyJaminomethane and so on. Radicofuuctional names such as 
phenyl isocyanide are not recommended. The class name isoni- 
triles is also not recommended. Older names based on “carby- 
lamine" have lergely disappeared and should not be revived. 


Formula 

Common name 

IUPAC name 

CH.NC 

Methyl isocyanide 
or Acetoisonitrile 

Carbylamino me thane 

C,H,NC 

Ethyl isocyanide 
or Propionoisonitrile 

Carbylaminoc thane 

C,fl,NC 

Propyl isocyanide 
or Butyroisonitrile 

Carbylamino propane 


(29) Alicyclic compounds . The word alicyclic is derived 
from aliphatic and cyclic since these compounds are cyclic but 
resembie aliphatic compounds. Thus corresponding to alkanes, 
alkenes and alkynes we have cycloalkanes, cycloalkenes and cyclo- 
alkynes. Some examples of alicyclic compounds axe : 

A □ Q 


Cyclopropane Cyclobutane Cyclopentane 
□r Trimeth/lene or Tetramethylenc or Pentamethylene 



NOMENCLATURE OFORGANIC COMPOUNDS 


1123 


o o o O 

Cyclopcntenc Cyclohexene Cyclopcntyne Cyclohexyne 



CyciopentanoJ 3-Methyl-cyclobuicne Cyclohexanone 



CHO 




COOH 


4-Meihyl-2- Cyclo pentane- Cyclobu tanc - 

cyclobuien-J-one carbaJdchyde carboxylic acid 

5. Position of Numerals used in the Enumeration of 

Substituents. —Numerals representing location of unsaturation 
or functional groups are placed before the name stem. For 
example 


2-Pentene 
1 -Chloro-2-pen i ene 

l-IIexen-3-yne 

1,5-Pentanediol 


not Pent-2-cne ; not Pcntene-2 

not 1 -Chloropcnt-2-ene 

not 1 -Chloropentene-2 

not Hex-1-en-3-yne 

not l-Hexenyne-3 

not Pentane-1,5-diol 

not Pentanediol-1,5 


When locants for unsaturation and the principal function 
are required in the same name the locant(s) for unsaturation 
immediately proceeds the nam? of the parent compounds and the 
locant(s) for the functional group immediately preerdes the suffix, 
for example, 2 Hexen-l-ol nol 2-Hexenol-l. 


6. Writing of Names. —The names of radicals replacing 
hydrogen atoms in a compound are “run on" while writing the name 
of a compound. For example, chlorotoluene, 2-uitrobutanc, cthylpro- 
pylearbinol, etc. If, however, the compound is named by any general 
term, the name of each part is written separately. For example, 
methyl alcohol, ethyl methyl ketone, methyl propyl ether, formic 
add, acetaldehyde oxime (but acetaldoxime). 


7. Elision of Vowels. —To avoid ambiguity vowels, 
whether pronounced or silent, are generally retained in the sys¬ 
tematic names. This results very often in double vowels. For 
example, cyclooctane and chloroacetic acid. 
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However, it has become an accepted practice to elide the 
vowels a, c and o in the following circumstances : 

(i) When preceding the suffix name of a functional group, 

Propanol not Propan col 

Hexanamine not Hcxaneamine 

(it) When a double bond and a triple bond are present to¬ 
gether in the same chain or ring system and are, therefore, named 
sequentially as suffix, e.g., 

Pentenyne not Penteneyne 

Elision of vowels is not affected by inserting locants, etc. into 
the name, e.g., 

CH S —C—CH - CH—Cl I 3 


O 

is 4-Ilexcn*2-one not 4-Hcxcne-2-onc 

8. Punctuation Marks.— Most commonly used punctuation 
marks in systematic names are hyphens and tommas. 

Hyphens are used to connect numbers and letters serving 
as locants or descriptive symbols to the syllabir poriionofthe 
name. For example, 

2-Chloropropane 1 -Bromo-4 -chlorobutanc, 

N-methylaniline (C a H 6 NHClI a ) 

Configurational prefixes like cis and trans or .structure-defin¬ 
ing prefixes like sec and tert are set off with hyphens, and written 
in italics, r.g. y 

ci>-2-Butene /ran^-Butenc 

*rc-Butyl alcohol Jrrf-Butyl al< oliol 

Structure-defining prefixes like cyrlo, iso and neo are, how¬ 
ever, considered to be an integral part of the name in which they 
are used. These are, therefore, neither separated by hyphens, nor 
written in italics, e g 

Cyclobutane not ct/cio-Butane 

Isobitlanc not t^o-Bul'ine 

Neopentanc not neo-Peru ane 

Commas arc used to separate the individual members of a 

series oflocants, e.g., 1,1,2-Trichlorocthane and 1,4-Butadiene. 

Enclosing Marks, Parentheses ( ) and square brackets [-] 
are used as demarcation symbols when the locants relate to names 
of complex groups, e.g., H a NCH 8 GH|CH 8 CONHCH f CH a OH is 
4-Amino-iV T -(2-hydroxyethyl)butyramide. 

Note. English letters used as locants, whether capital or lower-case are 
printed tn italics, e.g. t /^-xylene; o-Dichlorobenzene, ^-trinitrotoluene, etc., 



NOMENCLATURE OF ORGANIC COMPOUNDS 


1125 


QUESTIONS 


1. What is the functional group and general formula for each of the 
following homologous series ? 


Alkanes Ethers 

Alkenes Aldehydes 

Alkynes Ketones 

Alcohols Amines 


Esters Alkyl cyanides 

Acids Nitroparaflins 

Acid amides Isocyanides 

Acid chlorides 


2 . 


Write formulae for the following organic compounds; 


Methane 

Lthylene 

Acetylene 

Propane 

Chloroform 

Mcthanethiol 

Acetone 

Glycol 

Glycerol 

Iodoform 

Meihanal 


Ethyl iodide 
Ethylidenc chloride 
Ethylene bromide 
Ethyl alcohol 
Acetic acid 
Propionic 'anhydride 
Acetyl chloride 
Ethyl acetate 
Methyl propionate 
Ethanoic acid 
Ethyl mercaptan 


Ethylaminc 

Acetaldehyde 

Ethyl thioether 

Formamide 

Oxalic acid 

Triethylamtne 

Succinic acid 

Maleic add 

Acetonitrile 

2-Propanol 

Dimcthylamine 


3 What do you understand bv IUPAC nomendature ? Give names 
of the following compounds according to the IUPAC nomenclature and write 
their formulae : 


Acetylene 

Propylene 

Acetone 

Glycerol 

Acetonitrile 


Ethyl alcohol 
Ethylene glycol 
FormiL acid 
Acetyl chloride 
Methyl propionate 


Oxalic acid 
Acetaldehyde 
Propionamide 
Acetic anhydride 
Ethyl isocyanide 


4. Give common names of the following compounds named according to 
the IUPAC system of nomenclature and write their formulae : 


Fthanc 

Butene 

Propanone 

Ethanal 

Methanol 

Butanal 


1 ,2-Ethane diol 
1,2,3-Propane triol 
3-Pentanone 
Pentanamide 
Methyl cthanoate 
carbylaminoe thane 


Ethanoic acid 
Propanedioic acid 
Ethanoyl chloride 
Propanoic anhydride 
Ethanenitrile 
2-Chloropropane 


5. Write formulae of the following compounds j 


Cyclohexane 3<Ethyl-l p 1-dimethylcyclohexanone 

Cyclobu tene 4- B romo -4-me th ylcyclohexano ne 

Cyclopen tyne 3-Methlcyclopentene 

3- M e thylcyclohexene 4- M e thy 1 -2-cy clopen t en-1 -one 

6. Write various possible structures for the following molecular formulae 
and give their trivial as well as IUPAC names: 

(a) C«H.Br ; (6) C 4 H lf O ; (c) C,H n Cl; 

(e) C|H # 0 ; (/) C.H.O. ; (g) C.H.N ; 

(/) C|HnO; (y)C.H li; WCA. 


(d) C k HiiO ; 
(A) C.H.N 5 


7. Write the possible structures for a compound having the molcatlar 
formula C,H f . Give their IUPAC names. {Delhi B.Sc . Hons. 1971) 


ft Write the IUPAC names for the various compounds represented 
by the molecular formula C,H JP 0. {Delhi B.Sc. Hons . 1973) 

9. Give the structural formulae of— 

(/) Mcthoxyethane (if) 2-Butyne 

(/iY) 2-MethyM-butanol (iv) 2-Methyl-3-pentanone 

{Delhi B.Sc. 1976) 
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1. Naming Complex Compounds. —In spite of the fact that 
the trend in our present-day nomenclature is towards the adoption of 
the IUPAC system, the common names are still being used. In 
the case of complex compounds it has been found rather difficult to 
search for trivial names. On the other hand, IUPAC names are 
found handy and convenient. Various rules to be lx>rne in mind 
while naming such compounds according to the IUPAC system 
are given in the following sections. 

2. Longest Chain Rule. —In the given compound the longest 
possible chain of carbon atoms is picked np and the compound is named 
as derivative of this alkane. 

For example, in the compound X given below there are only 
five carbon atoms in the horizontal line, but we can select a six- 
carbon atom (bain as indicated. The compound should, therefore, 
be considered as substituted hexane. 


CH, CH, 

CH,——*CH,—*A—’CH, 

‘Ah, Ah, 

•CH, 


CH, CH, 

CH,—*C—*CH,—'A—*CH 
■Ah, CH, 


I 

‘CH, 


t 


(2,2,4,4-tetramethyIhexanc) (3,3,5,5-let ramcthylhexane) 

Right Wrong 

3. Lowest Number Role. —The carbon chain' is numbered 
from one end to the other by Arabic numerals and the positions of 
the side-chains arc indicated by the numbers of C-atoms to which 
these are attached. The numbering is started from the end nearest 
to the substituents so as to give the lowest numbers possible to the 
side-chains. 


For example, the compound X is 2, 2, 4, 4-tctramcthylhexane 
and not 3, 3, 5, 5-tetramcthylhcxane since the former uses lower 
numbers. Similarly, 


CH,.CH,.C?H—CH.CH,. , CH,.6h,.CH,.£h.CH 1 

Ah, Ah, Ah. 

is named 2, 7, 8-trimethyldecane and not 3, 4, 9 trimethyldecane 
since 2 in the first set is lower than 3 in the second set. 

If different alkyl groups are in equivalent positions in relation 
to the ends of the chain, preference is given to the end where the 
radical has fewer carbon atoms (methyl, ethyl, etc.). For example. 
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CH,.CH,.(?H. CH,.CH,.(5:H—CH. CH,. 

is 6-ethyl-3*methyloctane (the methyl radical determines the end 
where the numbering begins). 

If identical radicals are at equal distances from the ends, the 
chain is numbered from the end where there are more branches. 
For example, 

ch,.ch.£h,.ch,.ch—ch.ch, 
c!:h, i:H, irH, 

is 2, 3, 6-trimethylheptane and noi 2, 5, b-trimethyl heptane. 

If two sets of numbers be equally possible, the order of prefixes 
in the name will decide which scl should be used. For example 
the compound given below 

*CH B Br——*CH 2 — 4 CH 2 C1 "CHj—*CH t —^H.Cl 

3-bromo-4‘chlorobu[ane 4-bromo-i-chlorobutane 

Right Wrong 

is l-bromo-4-chlorobutane and not 4-bromo-l-chlorobutane although 
the numbers used in either case are the same (I, 4). 

If chains of equal length are competing for selection as the 
parent chain in a branched alkane, the choice goes to the chain 
carrying greater number of side chains. For example 
CH a CH, 

I i 

ch,chchchxvh 2 chch 6 

I 

CH.CH* 

is 3-Ethyl-2, 6-dirnethyJheptaue not 5-lsopropyl-2-methylheptanc. 

4- Arrangement of Prefixes.—In case more than one groups 

are attached to the chain, these should be arranged alphabetically. 
While doing so prefixes di and tori are not considered. For example, 
l CH.—*CH—*CH— 4 CH,—‘CH—■•CH,— T CH, 

ch, d:H, (Ith, 

£h, 

jj 5-ethyI~2,3-dimcthylhcptanc. 

5. Lowest Number for Functional Group.—In case some 
functional group is present in the chain, the lowest number is to be 
assigned to it, even if the lowest number rule is violated. For 
example,, 

CH, CH, 

•CH,-*C—'CII.-'CH—‘CH, 'CH,——'CH,—‘CH—‘CH, 

cIh, ^H (!;h, OH 

4, 4-dimethyl*2-pentaool 2, 2-dimeti yl-4-pentanol 

Right Wrong 

A double or triple bond is also regarded as a functional group. 
The lowest number is, however, given in the following order o/ 
preference : 
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(») To the principal functional group of the compound* 

(ti) To the double or triple bond. 

(m) To the substituents (atom or groups designated by prefixes). 

In the event there are more than one functional groups in a 
molecule, the following order of preference is given in the choice of 
the principal functional group which is to be given the lowest 
number: 

(1) acids (4) nitriles (8) ethers 

(2; acid derivatives (5) ketones (9) olefins 

(except nitrile) (6) alcohols (10) acct\lenes 

(3) aldehydes (7) amines 

For example, the name for the ally 1 alcohol would be 

*CH 2 =*CH— l CH 2 OH 
2-Propen-l-ol. 

(Lowest number assigned to OH in preference to double bond) 

Similarly note the name ol tne compound given below : 

CH f 

gh™c— d - — ch=ch, 

H. 

3, 3-dimelhyM-pcnten-4-yne 

(Both double and tuple bonds are at equal distances from chain ends. 
Numbering is, therefore, determined by double bond ) 

For purposes of nomenclature, the halo-, nitroso-, and azo- 
groups arc considered as substituents, not as functional groups. No 
endings, therefore, exist for them in the systematic nomenclature. 

When two functional groups are present in the compound, one 
of them will be selected as the principal functional group following 
the order of preference as indicated before. The other functional 
group present will be secondary functional group and will be treated 
as a substituent. The prefixes and suffixes when various functional 
groups ai" used as substituents and functional groups arc given in 
the following table along with the piefixes for the known substituents. 


Table 9*1—Substitutive names of Functional Groups, 
(a) Groups cited only as Prefixes : 


—Br 

Bromo 

-Cl 

C hloro 

—CIO 

Chlorosyl 

-CJO, 

Chlorvl 

-CIO, 
Perch lory 1 

— F 

Fluoro 

—I 

Iodo 

-N-C-O 

Carbnnylaimnn 

-N-C-S 
Thiocarbonylammo 

-N, 

Diazo 

-N, 

Azido 

-NC 

Car by la mi no 

NO 

Nitroso 

—NO, 
Nbtro 

«NfO)OH 

aei-NiUo 


—OChN 

C yanato 

—OOH 
Hydmperoxy 

-OR 

R-oxy 

-OOR 

R-diory 


-Ss=N 
Thioc yanato 

-SR 

R-thio 

—S(0)R 
R-sulphiny i 

-SO t R 

R-»ul phony* 


—SSR 
R-dilhio 
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(b) Groups cited as either Prefixes or Suffixes. 


Functional Group 

Prefix name 

Suffix name 

1 

—COOH 

j 

— 

- 01 c acid 

—COOH 

Carboxy 

carboxylic acid 

- SO.OH 

Salpho 

-sulphonic acid 

—r OX 

— 

-oy] (-yl) halide 

-cox 

1 

Halofo myl 

-carbonyl halide 

-<ONH, 

- 

-amide 

- COMf, 

Carbamoyl 

-carboxamide 

—C =N 

— 

-nitrile 

-C--N 

Cyano 

-carbon it rile 

-r HC) 

Oxo 

-al 

- CHO 

Formyl 

-carbaldehyde 

O 

1 

A 

Oxo 

1 -one 

>' s 

Thioxo 

> -thionr 

—0)1 

Hydroxy 

| -ol 

-sir 

Mertapto 

-thiol 

-NH, 

Amino 

-amine 

~NH 

Immo 

-mine 


NB In the functiondl groups given above an italic C indicates that 
the carbon atom so designated is not included in the ccmsponding suffix or 
prefix name 

6. Names of Compounds containing more tha n obi 
functional groups. —In the case of compounds containing more than 
one functional groups, the ending i> suitably modifud. Carbon- 
carbon multi pb bonds and a second function are .1 nbined in end¬ 
ings , otherwise' the important functional group is bandied as substi¬ 
tuent. hor ' \amplc 2-Propr n I ol given above and 

CML- C1H ( H-CI1 2 CHoOH—CHOK—CHjOH 

1* -I Butadiene 1, 2, 3-Propaneinol 

(It is diene due to I he presence (ll is trial il e in the presence 

or 2 double bonds ) of 3 OH group!.) 

Names of certain compounds containing two or more simple 
or complex functions arc n in the Jr*l loving tables : 


TOC-L283-9 
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(•) NoMchtore of mm Simple PolyfeKtfanl Compoomb. 




I Specific Example 

Functional Groups 

Generic Name 

Structure 

Name 

(0 two hydroxyl 

alkancdiol 

HOCH..CH.OH 

1, 2-ethancdiol 

(W) three h>droxyl 

alkanetriol 

HOCH,.CH(OH) CH.OH 

1, 2, 3-propane- 
triol 

(WO two double 
bonds 

(fr) two acids 

{*) two aldehydes 

alkadiene 

alkanedioic 

aad 

alkanedial 

H.C-CH.CH-CH, 

HOOC(CH,),COOH 

0~HC(CH,),CH0 

1 , 3-butadiene 

pentanedioic 

add 

octanedial 

(rf) two ketones 
(wff) three acids 

alkanedione 

tricarboxylic 

acid 

CH..CO.CO.CH, 
HOOC.CH, CH.CH, 

Hooi; ioOH 

2,3-butanedione 
1 , 2, 3-piopane 
tricarboxylic 
acid 


(6) Nomenclature of soac Unsaturated Compounds of Simple Functions 


•Vneataration and 

Generic Name 

Specific Example 

Functional group 


Structure 

Name 

(0 double bond, 
add 

<W) triple bond, 
aldehyde 

(i /) double bond, 
ketone 

alkenoic acid 

alkynal 

alkenone 

CH.-CH.COOH 

HCbhC.CHO 

H.C-CH.C.CH, 

H 

0 

propcnoic acid 

propynal 

3-bulen-2-one 

<fr) two double 
tends, alcohol 
<r) double bond, 
two hydroxyls 

alkadienol 

alkenediol 

(CH,~CH.CH,),CHOH j 
HOCH. C.H-CH CH.OHj 

1, 6-hcptadien* 
4-o 1 

2-butene-l, 4-diol 

(c) Nomenclature of some Compounds of Complex Functions 

Class of 

i 

Generic Name 

Specific Example 

Compound 

i 

Structure 

! Name 

(0 keto acid 

oxoalkanoic 

acid 

CH, C.CH, CH. COOH 

11 

o 

HOCH,.COOH 

H,N(CH,),COOH 

NmiC CH, COOH i 

H,N(CI1,), C.CH, 

II 

1 ° 
CH,O.CH,.CH,OH 

4-oxopenlanoic 

acid 

(if r hydroxy acid 

(HI) amino acid 

(fr) cyano acid 

(?) aminoketone 

hydroxyalka- 
noic acid 
aminoalka- 
noic acid 
cyanoalka- 
noic acid 
anunoalka- 
none 

hydroxyelhanoic 

acid 

6-aminohexanoic 

acid 

cyanoethanoic 
| acid 

i 4-nuno*2-buta* 

| none 

(pi) alkoxyalcobol 

alkoxyalka- 

nol 

! 2-mcthoxy- 
! ethanol 
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Treatment of “Like things Alike’'. All groups of one kind 
occurring in a single molecule should be given like treatment as 
far as possible. For example, in the compound, 

/CH.CHiCOOH 
HOOC CH a CH< 

x CH 2 CH a CH 2 CH 2 NH, 

The principal function is carboxylic acid, the parent com¬ 
pound should be so chosen as to include as many COOH groups 
as possible. Its name as 3-(4-Aminobutylj hexanedioic acid is 
preferred to 

8-Amino-4-(Carboxymethyl) octanoic acid. 

7. Functional groups and the chain selected. —Maximum 

number of functional groups must be inrluded in the rarbon atoms 
chain selected, even if it docs not satisfy the longest chain rule. If the 
longest chain does not include the maximum number of functional 
groups, the next longest chain which includes these should be selected. 
For example, while naming the compound 

CH»—CH,—CH,—*CH—*CH,—‘CH,—‘CH, 

1 

1 CH 1 OH 

2-Pro pyl-l-penta no 1 

we cannot select 7-carbon atom chain because it does not includt 
the functional group. It has to be named as a derivative of 5 -carbon 
atom chain. 

Whrrc there is a side-chain within a Nide-cham, the latter is 
numbered, and the name of the complex is considered to begin with 
the first letter of its complete name, t 7 ., 

CH, 

CH,— l C—*CH,—‘CH, 

■CH, l CH,. T CH l . l CH 1 —*C— 4 CH,. , CH,. , CH,. l CH, 

'CH.-'CH 'CH, 

CH, 

is 5-(l, l-dimcthylpropyl)-5-(2-methylpropyl)-nonane. 
or 5-isobutyl-5-fer(-pentylnonane. 

ch 3 ch 8 

I I 

Similarly CHaGHjCHCH^CHCH^FLCIIGHa 

I 

ch 3 ghch,ch 3 

is 5-sec-Buiyl-2, 7-dimethvlnonanc 

or 5-(l-methylpropyl)-2, 7-dimethylnonane 

8 . Writing the IUPAC names.—Writing of the IUPAC 
name of the compound with a given structural formula involves the 
following steps : 

(0 Locate the longest chain containing the principal functional 
group and as many of the secondary functional groups and multiple 
bonds as possible. 
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(ji) Sekd the root word corresponding to the length of the 
chain. For example for a hve C-atom chain and oct for an 
eight C-atom chain. In the case of alicyclic compounds add the 
prefix cydo to the root word. 

(m) Number the longest chain selected from the end nearer to 
the principal functional group or substituents/side-chains in case 
there is no functional group. 


(iv) Depending upon the nature of carbon-carbon bonds 
(0—C, C— C or C~C), attach the fivffijr ane (for C--C bonds), 
ene (for C=G bond) and -yne (for C~C bond) to tlie root word. 

(r) Add suitable pnfirex and snjjxjcta with numerals to indicate 
the number and position of each side chain, substituent or functional 
group. 

Some examples are given below to illustrate the above rules 
of nomenclature : 


Example 1. 

given below : 


Name the com pound whose molecular formula is 

ch 3 .(;h.ch 2 .c.(:h, 

I I! 

OH O 


The longest cliain contains five carbon atoms and no double or 
triple bond. It is, therefore, a derivative of pentane. There are two 
functional groups—OH and >0=0 situated equidistant from the 
ends. But the Latter stands higher in the order of preference. Hence 
numbering must start from light-hand side to give the lowest 
possible number to /CO. 

# CH i . i CH*CH I , 1 C. 1 GII i 

i ii 

OH O 

> CO being the principal functional group will be indicated 
(by the suffix -one while —OH being the secondary functional group 
will be treated as a substituent and indicated by a prefix hydroxy . . 
Its name, therefore, will be 4- hydroxy-2-pentanonp. 


Example 2. Nairn the compound represented by the formula : 
CH f .CH I .CH.CH 1 .COOH 

I 

NO, 

The longest chain contains five carbon atoms and it should 
be munbered fioni right-hand side to give the lowest number to the 
functional group —COOH. 

( CH,.*CH t . , CH. c CH a . 1 COOH 

I 

NO, 
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—COOH being the functional group will be indicated by the 
suffix •oic acid whereas the — NOj group being the substituent will 
be indicated by the prelix nitro- . Its name will, therefore, be 

3-Nitro-l-pentanoic acid or 3-Nitropentanoic acid (Position of 
COOH group is understood to be 1 ). 

Example 3. Name the compound from its structural formula 
given below : 

CH 8 

I 

ch 3 .ch.ch«ch.ch 2 oh 

The longest chain contains five carbon atoms and a double 
bond. It is, therefore, a derivative of penttne. Numbering is to 
start from light-hand side nearest to the principal functional group. 

CH, 

I 

5 CH,. 4 CH. 3 CiH — 2 CH. 1 CH 2 OH 

—OH being the principal functional group will be indicated by 
the suffix -ol. Double bond will be indicated by the suffix -ene with 
the root word. Its name will, therefore, be 
4-methyl-2-penten-l -ol 

Example 4. Write the IUPAC name of the compound with the 
following structural formula : 

CH 2 .C H~CH.CHs.CH, 

CHj.CH —CH.CH a .UH. Cl Ij.CHj.COOH 

Although the longest chain contains 10 carbon atoms and two 
double bonds, but does not include the principal functional group, 
COOH. Hence we select the longest chain with nine carbon atoms 
which includes the COOH group and only one double bond. 
Numbering this cliain from the end carrying COOH group and 
numbering the side cliain, we get 

6 CIVCH - 7 CH. 8 CH a .*CH, 
4 CH a . 3 CH— 2 C'H. 1 CH 3 . 4 CH. 3 CH a . z CH 1 . l COOH 

The side cliain is an alkenyl gioup ( 2 -Butenyl). 

The longest cliain contains 9 carbon atoms and one double 
bond, so at is a derivative of nonene. The principal functional group 
COOH will be indicated by the suffix - oic acid . Its name, 
therefore, is 

4-(2-Butenyl)-6-nonenoic acid 

After a little practice, these steps become only a mental 
exercise. We simply number the carbon atoms chain and write the 
name straight as given in the following examples : 

Br CH* Cl 

(*) T CHi. i CHf.*CH. i CH. a CH i . B CH. 1 CH < 

5*Bromo-2-chloro-4-iTiethylheptane 
{Prefixes *re arranged in the alphabetic order) 
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|if> "CH,— 1 CS 4 C— B CH* f CH -‘CH. 

2-Hexen-4-yn, 



l-ChlOfo-2-mcth>lc>Ujhcxanc 1, 4-C>clohexadiene 

O 

O /V 

H / \ 

h) l CH|= 4 Cfl. a Cil a —*C—*CH a <>'/ 5 CK| ~ # CH I . l OI f OH 
4-Penten-2-one 2, poxy-1-Propanol 

O 

I' 

(m) »CH, -*C~ *CH,. a CH f . l COOH 

4-Oxopcutanoic acid (Common name • v-KctmalerK acid) 

OH OCH, 

I 

(nil) 'CH 3 — T CH-‘C:H.-- 6 CH. 4 CH a /CH ’CH.dCltO 
7-Hydroxv-3-rnelhoxy-5-octenal 

9 . Writing the structural formula from the given 

IUPAC name.— l ot writing the structural formula of the compound 
when its TUPAC name is given, we pioceed as follows : 

(i) Locale the part at a Ik ant from tin* name' and write the 
number of carbon atoms of this alkane in a stiaight chain and 
number them. Numbering mav start fiom .any end. 

(u) Xow local( the xujjix which gives information about the 
nature and number of tlie functional groups along with their 
positions. 

(tit) Lastly f IocaiU the groups or'and substitw nts mentioned in 
the prefix and the carbon alums to which these aic attached as indi¬ 
cated by the locants. 

(it?) This gives us the skeleton formula. Now add hydrogen 
atoms to satisfy four valencies of eacli carbon atom to get the 
structural formula. 

Thus for writing the structural formula of 3-Ethyl-2, 5-dimethyl- 
1, 4-heptadmne, we proceed as follows : 

(t) Parent alkane of the compound is heptane. Write seven 
carbon atoms in a straight chain and number these. 

7 u-- 6 ( 4 c— a G— 2 c:— Kj 

(it) The suffix diene indicates two double bonds in 1 and 4 
positions. 

7 C—‘C— 1 »c-*c—"C—*C» l C 

(tii) To locate the groups mentioned in the prefix, we attach one 
C*H; to *C and two C!H 3 groups to 2 C and S C to get 

7 C- fl C- 6 C== 4 C- B C- 2 C='C 
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(u) Finally adding H-atoms to satisfy four valencies of each 
carbon atom, we get 

7 CH,—‘CHj—’G= 4 CH—*CH—‘C^’CH, 

I I I 

CH, C,H, CH, 

Similarly, to write jthe structural formula of the compound^ 

7-hydroxy-3-methoxy-4-jnethyI-5-heptenoic acid, we proceed tfl 
under : 

(t) Parent alkane of the compound ts heptane. Write seven 
carbon atoms m a stiaight chain and number these 

7 C—*C— B C— 4 C—*C— 5 7 C — l C 

(it) 'I he suffix nwic acid indicates the presence of functional 
group--COOH at the end of the chain (position 1). 

7 C— B G—*C— 4 C— 8 C— 8 C— 1 COOH 

(iit) To locate the substituents mentioned in the prefix 7-hydro¬ 
xy 3-methoxv-4-methyl, and the double bond indicated by 5-ene, we 
attach one OH group with 7 C, one OCH 3 group with B C, one CH, 
group with 4 C and a double bond between 5 C and B C. This gives 

7 C— 8 C= 5 C—*C- 3 G— 2 C—^OOH 

I I I 

OH CH, OCH, 

(Skeleton formula) 

(tr) Finalh adding H-atoms to satisfy four valencies of each 
carbon atom, we get the structuial formula 

CH,—CH - CH—CH—CH—CH 2 —COOH 

i i i 

OH CH, OCH, 


QUESTIONS 

1. Write the structural formulae : 

(a) 4-Eihyl-5-melhyl-2-hexenc. 

(c) 2-Chloro-3-methylbuiane, 

(<?) 3-Butcn-l-ol. 

(^) j-H ydroxy-2-propanone 
(0 2-Nitropropanoic acid. 

2. Name the following : 

(a) (CH|)|C=CH|. 

(e) (CH,),CH.CH 1 .CH I C1. 

<e) (CHf) a C.OH. 

(*> (CH^CH.NCCH,),. 

(A) HOCH,.CH«-CH.CH,OH. 

(0 (CH,),C~CH CH-CH.CH-CfCH,),. 

3. (a) Give IUPAC names of the compounds whose formulae are 
given below : 

<0 (CgHghCH.CH.OH ; (i0 CH,-C.CH,CH,OH : 

(in) CH,CH.CH,--CH.CH 1 CH,. ! 

1 1 CH. 

CHftOH CH, 

(b ) Write slructural formulae for the following compounds : 

(i) 3-ethyl-2-methyM-hexene ; (ii) 2-methyl-2-penien-l*ol; 

(///) 2, 4-Pentanedione. 


( b ) 3,5-Octadiene. 

{d) l,3-Diiodo-4-octene. 

(/) 2-Amiooethanol. 

(A) 4-Oxopentanoic acid. 


(/>> (CH t ) 4 CH.CH,.CH(CPU,. 

(d) HOCH l .CH l .CH t .CH i !CH l OH‘ 
(/) HC«C.CH,.CH,.CH.CHO 

Cl 
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4 . Write Geneva names for tbe compounds whose f ormulae are given 

below : 

(0 (CH,),CH -CH,CH,; (if) (CH,),CH.CH(CH,), ; 

m (C 1 H 1 ) 1 CH,CH I . 

5. Give the structural formulae and Geneva names of the isomeric butyl 

alcohols. 

6. Write Geneva names of the compounds whose formulae are given 

Mow : 

(0 CH lv (if) CH,.CH-CH.CH,OH ; 

yC.Br 

CH/ I (/if) CH 1 ~CK.CH l .CH i OH. 

CH, 

CH.Br 

7. Write structural formulae of: 


(0 1, 2, 3-propanetrioI ; (ii) 4-Mcthyl-2-pentenc ; 

(iff) 1,4-diphenyl-1,3-butadiene. 

8. Qose this book and write under the structural formulae you havo 
written in Q. 1, 3 ( b ) and 7, the IUFAC name for each compound. Aftes 
completing the whole list compare your answers with those given. If there are 
differences, check the structure as well as the name to see where the error arose. 


9 . In a similar manner write structural formulae for the names you have 
written in Q. 2, 3(a), 4 and 6. 

10. Are the following names correct in the IUPAC system of nomen- 
dature 7 If not, give the correct names, 

(o) 3-pcntyne ib) 4, 4, 3-trimethyl-l-hexyne 

(c) 1, 6-hcxadiene (d) octanediol 

(e) tert. butanol (/) 2-keio-/i-propanol. 

11. Give IUPAC names of the following compounds : 


(i) CH t —C=C—CH, 

(iff) CH,—CH—CH—CH,OH 


i L 


(if) CH,~CH- 
(iv) H-CHO 


CH-CH, 


of 


12. (a) Give the names 
IUPAC system of nomenclature : 

ii) CH,«=CH—CO~CH,~CH, 
ib) Write the structures of the 
names are given as under : 

[if 1, 5-hexadicne 


{Delhi B.Sc. 1976) 
the following compounds according to 


(if) (CH,),C—OH 

following compounds whose IUPAC 


13. Write the IUPAC 
atructural formulae : 


(if) 4-Methyl-2-pentyne 

{Delhi B.Sc. Hons . 1976) 
names of the compounds having the following 


(0 (CH,),C~CH, (ii) CsCCH,.CH,OH 

(in) CH,OH.CHOH.CH,OH | 

fiv) (CH,), CH.CH,.OCH, CH, 

(Delhi B.Sc. 1976 Supp.) 

14. Write structural formulae of the following compounds: 

(#) 2, 4-hexadiene (ii) ethylmethylacetylene 

(Hi) -pentanone (iv) butanol. 

(Delhi B.Sc. 1976 Supp.) 

15. (a) Write structures of the following compounds : 

(0 4-hydroxy-3-pentenoic acid 

(if) 6-ethyl-2-methyl-4-isopropyl-2-oclene 

(b) Write systematic (IUPAC) names for the following compounds ; 

OH CH,OH 

<0 CH,—CH,—CH,—CH—CH—CH,—CH, 

<U, CH,—CH,—CH(CI)—CH,—CHO 


(Delhi B.Sc. 1977) 



(UPAC SYSTEM OF NOMENCLATURE 


1137 


16. 

CO 

(«) 

m 

«v) 

(r) 


(W, 

17. 

(0 


m 

ffc) 

(0 

(in) 

O') 

18. 

(0 

(nr> 

l V) 

19. 

(0 


(ft-) 


'(*0 

CO 

CO 

Utf) 


1. 


Give the IUPAC names of the following compounds : 

(CHiJiCCOH)—CH,—CH(OH)—CH, 

(CH,),CH—CH - CH—C=CH 

CHs - CH(CHs) - C(CH,)( OH)- CH.CH, 

CH,-CH - CH—CH,- COOH 
CH,—CH-CH,CH=CH- CHO 

hlH, 

CH a C—C(CH,),—CH =CH, ( Delhi B.Sc. Hons. 1980, 77) 

(a) Name the following com* ounds on IUPAC system ■ 

CH,OH—CHOH—CH,OH ; («) CH, CH—CH,-CH.CH,; 

I I 

CH, CH, 

I 

CH, 

CH,-CH- CH,—CH,OH ; (iv) CH,CH«CH CH,CH,OH. 

Draw the structure^ 

2.3-Dimethylbutane , tu) 1, 3-Butadiene ; 

Propane-1,2,3-tncarboxylic aud t 

3 -Buien-l-ol (Jammu B.Sc. 1975) 


Write the structural formulae for ihe following compounds : 
4-pcntvn-l-ol. (if) 3-cthyl-5-hydroxy-3-hexcnal. 

3, 5-octadie le (iv) 4-cyano-4-ethyl-3-hcptanonc„ 

4-hydroxy-3-pcntcnoic acu! (►.) 2, 3-pentancdione. 

(Delhi B Sc Horn 1980 ; Guru Nanak Dev B.Sc 1977) 

(a) Name the following by IUPAC svstem : 

CH,—CHj.CH,CH CH, CH, 

I 

CH.OH 

CH,.CH, CH, CH, CH.CH,.CH.CHjCH, 


CH, CH.CH, 


CH,-CH- 


COOH CDOH 
Draw the structures : 

1, 2, 3-Propanetnol ; 

2, 3-Duodo-4-octcne ; 


CH, 

CH, 

! 

COOH 


(iv) CH 1 CH,.C.CH,.CCH > 
fl I 

o o 


(m) 3-Butene-l,2-diol ; 

[iv) 3-ethyl-2-mcthvl-1-hexene. 

(Jammu B.Sc . 1977) 


ANSWERS 


(0) 

CH, CH«=CH—CH—CH.CH, 

i 1 



C,H, CH, 


(1 b) 

CH,.CH, CH=CH.CH-CH.CH,.CH, 

(c) 

CH, CH—CH.CH, 

i i 



! 1 

CH, Cl 


id) 

CH, CH, CH, CH-CH.CHl.CH,.CH,t 

(e) 

HO.CH, CH,.CH=CH, 

(/) H a N.CH|.CH,.OH 

<r) 

CH,.C.CH,OH 

II 



H 

o 


<h) 

CH,.C.CH,.CH,.COOH 

(0 CH..CH.COOH 
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2. ( a ) 2-Metbyl-l-propene, (6) 2, 4-Diroeihylpentane. 

(c) I-Chloro-3-methylbulane. ( d ) 1,5-Pentanediol. 

(f) 2-Methyl-2-propanol. (/) 2-Chloro-S-hexyn-l-aI. 

(g) N, A'-dimethyl-2-propanammc. (A) 2-butene-l, 4-diol. 

(/) 2, 7-dimcthyI-2, 4, 6-octatriene. 

3. (a) i/) 2-ethyM-butanol ; (if) 3-methyl-3-buten-l-ol ; 

l iu) 2, 4-dimeth>]-J-hexano1 
(b) (j) CH,—CH,—CH,—CH-C=«CH, ; 

I i 

CH, CH. 


(ii) CH,—CH,—CH=*=C—CH,OH ; (Hi) CH, 


4 . (0 2-methylbutane ; 

(iff) 3-mcthylpcntanc. 

5. (i) CH r CH,.CH,.CH,OH 

1-Butanol 

(iff) CH.CHCH.OH ; 

dn, 

2-meihyi-l-propano] 


(i/i) CH,—C—CH,— C — CH,. 

■I I 

o o 

(ii) 2, 3-dimcthylbutane ; 


( ii ) CH, CH,CHOH.CH,; 
2-Butanol 

Uv) CU 8 C(OH).CH a . 

I 

CH, 

2 'mcthyl-I-rropanol 


6. (f)l ,3-dibromo-3-methylbutane ; (ill 2-P vn-l-ol; 
(iff) 3-Buten-l-ol. 

7. (O CH a OH—CHOH—CH,OH ; 

(ii) CH,—CH—CH«CH—CH, ; 


CH, 

(Hi) C,1I,—CH«=CH—CH«CH—C,H,. 

10. (a) No, it should be 2-pcntvnc. 

(b) No, it should be 3, 4. 4-trimethyM-hcxvne. 

(r) No. it should be 1, 5-hexadienc- 

(J) No, positions of two OH groups must be m licaiei by numbers, 
(1, or 1, 7-, etc.). 

(c) No. use of tert . in ICPAC system is not ollowed. It is 
2> mcihyl-2-propanoi. 

< f) No, use of n in 1 UP AC system is not allowed. Moreover 
kelo is the principal function ami should form suffix. It is 
I -hydroxy-2-propanon v 
(g) No, it should be l-Hydrox> 2-propanonc. 

11. (i) 2-Butyne (ii) t, 3-Buladiene 

f/ii) 3-Bromo-2-chloro-l-butanol (fr) Methanal. 

12. (a) (i) l-Penten-3 one. (u) 2-Methyl-2-propanol. 

Kb) (i) CH.-CH—CH,-CH t —CH~CH, 

(if) CH f —CH -C==C—CH, 

d:u, 

13. (/) ?-Mcthyi-l-piopene uO 3-Pcntyn-l-oi 

(Hi) 1, 2, 3-Propaoctriol (/v) l-Methoxy-2-methylpropanc 

14. (0 CH,—CH—CH—CH«~CH—CH, (fi) CH,—CH,—CsC-CHt. 

(Hi) CH,—CH,—C-CH,-CH, (iv) CH,CH„CH l .CHO. 

O 
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15 io) (r) CH,—C*=CH—CH, COOH 

OH 

(n) CH a — CH,— CH—CH,—CH—CHC—CH, 

I I I 

C,H, CH(CH,), CH, 

ib) (/) 2-Ethyl 1, ^-hcxanediol ( 11 ) 3-chloro-l-pentanal 

16 (d 2 Meth\I \ 4-pentanediol (n) 5-Methyl-3 hexei-l-yne 

(ui) ?, 3-DimiMhyI-3-penlanol (t\) 3-Pentenoic acid 

(v) ^-Animo-2-hexen-l-al (hi 3, 3-Dimethyl-l-penten-4~yiie 

17 ( a ) (r) I, 2, 3 propanctnol (u) 2, 4-Dimcthylhexane 

(in) 3-Butevl-ol (iv) 3-Pentcn-l-ol. 

(b) (0 CH. “CH—CH - CH, ( ti ) CH,=CH—CH — CH, 

CH 3 Of, 

(in) HOOC—CH, —CH—CHj—COOH 

i 

COOH 

(iv) CH t —CH —CH, -CH,OH 

18 (i) CH“C-CH, - CH,—CH,OU 
(if) CH, CH CH -C CH, —CHO 

i i 

OH C,H 5 

(in) CH,- CM r CH=CH —CH==CH—CH,—CH a 
CN O 
I » 

<n ) CH,- CH, - CH,—C—C— CH,-CH 3 

C.H, 

(v) CH a -C-CH-CH,- COOH 

OH 

(vi) CH,- C1I,—C-C— CH, 

n ii 


(a) (i) 2-LihyJ-l-pentanol 

(i/) W2-meihvIpropvi)-nondnc or 5-lsobutylnonane 
(in) i. 3-Propinciricdrboxylit acid. 

(i») 2 4-Hexdncdione 

ib) (i) CH,-CH-CH, (ii) CH»=-C)f—CH—CH, 


OH OH OH 
Uu) CH.-CH -CH - CH 


OH OJl 

CH- CH,—CH.-CH, 


(; l CII a - 


Cll, -C H, 


CH a C,H, 



10 

The General Nature of Organic 
Reactions 


1 . Introduction. —/v chemical equation indicates the reactants 
and the final products of the reaction. It ratelv indicates how the 
reaction proceeds. Much work has recently been done on the, reaction 
mechanism # i.ethe actual steps in which a chemical reaction occurs. 
The chief advantage of the mechanistic approach to organic chemis¬ 
try lies in the fact that with the help of a relatively smaller number 
of guiding principles wr can explain how a traction proceeds and 
even forecast the outcome of changing thr conditions of a certain 
chemical reaction. 

2. The Breaking and Forming of Bonds.—Lei us examine 
wfhat happens wh^n a molecule R— L containing a covalent bond 
undergoes chemical reaction with an attacking reagent A to give 
A —R another covalent compound. 

A 4- R—L —► A ~R 4 1 

In this reaction the covalent bond R—L has been broken and 
the new bond A —R has been formed. There ait three possible ways 
in which breaking of the bond (Bond Fission) ma\ take place 
depending upon the experimental conditions and nature ol R, the 
attacking reagent A and the leaving group L 

(i) Each atom (forming the R—L bond! retains the electrons of 
the shared pair, forming highlv reactive entities called free radicals 
(or simply radicals) or odd electron molecules, e 7 ., methvl radiral, 
CH 3 ‘, ethyl radical, C 2 H 6 ’, etc. 

R—L -► R‘+L* 

The breaking of the covalent bond in this manner is known as 
hamolytic fission or hemolysis. 

(ti) The group R or L retains the shared pair of electrons. 

^ - ■+■ r\ + 

R— L R i -f L or R—I* —> R {- • R 

Breaking of the bond in this manner is known as heterotypic 

fission or heterolysis. When R : is a negative group in which the 
carbon atom carries the unshared pair of elections, it is known as a 
carbanion. Carbanions appear to be capable of leading a separate 
+ 

existence. When R is a positive group in which the carbon atom 
carries the positive charge, i.e., lacks a pair of electrons, it is known 
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as a carbonium ion 41 or carbocation. 

3. Types of Organic Reactions. Depending upon the type 
or bond fission involved, die organic reactions can be classified into 
two main categories ■ 

(a) Heterolytic reaction * which involve a hetcrolvtic fission 
of the bond resulting in the formation of a carbanion or a carbonium 
ion as an intermediate. 

(&) Homolytic n action s which involvr a homolvtic fission of the 
bond resulting in the formation of a free radical as an intermediate. 

Depending upon the nature 01 the reaction which the inter¬ 
mediate species (caibamon, carbocation or free radical) undergoes, 
various t\pis oi reactions which we come across are : 

^1) Substitution. These reactions involve the direct replace¬ 
ment ol an atom group by some other atom/group. For example, 

CH 4 4 Cl, -* CH.C1 + HC1 ...(/) 

CIl,Br + OH' -► CH,OII + Br (tf) 

In (») one hydrogen atom oi GH 4 has been replaced by one 
chlonnc atom In (n) the bromine atom has been replaced by 
hydrox\ 1 group 

(2) Addition. Addition nachons ar those reaction^ in ultich one 
molecule is simply addtd to another molecule. For example, (i) reaction 
between r thylcne and bromine is an addition icaction. 

CH t -CH, -+- Br, -k CH,Br — CH,Br 

(n) Similarly, reaction between propylene and HI to form iso- 
propy 1 iodide is mother example ol an addition reaction. 

CH 3 —GH“CH 2 d H—I -► CH 3 -CHI-CH 8 

Piopylcne Isopropyl iodide 

(3) Elimination. Elimination reactions are those in which 
two atoms or group s are removed Jrom a molecule without being replaced 
by other atoms or groups. lor example, (») Reaction between 
propyl biomide and alcoholic potash resulting in the removal of a 
molecule of hydrogen bromide is an elimination reaction . 

C H, — CH—CH, + KOH - CH, CH^CH, + KBr + H.O 
| | alcoholic Propylene 

H Br 

(ii) Similailv, dehydration of ethanol with cone. HjSOj at 
430K to form ethylene is another example of elimination 

430K 

CHj —CHjOH J [H.bOJ-» CH,=CH 2 +H,Oi-fH a SO t ] 

Ethanol Ethylene 

(4) Rearrangement. In some of the organic molecules the 
functional group changes its position during the course of the 

*The term carbonium in naming organic structures containing a positively 
Charged carbon atom has been used very frequently The practice has been 
Inconsistent and often confusing. The Nomenclature Committee of the American 
Chemical Society recommended (1973) that carbonium should no longer be used 
lither as class name, e.g , ‘carhonium ions' or in names of individual cations, 
mgy ‘trimethylcarbontum’ [(CH„),C + 1 The class name earbocations (f-Buty 1 
ption) and the systematic name trimethyharbenium are preferred. 

Carbcmum is CH,+ obtained by addition of H+ to HiC : (carbcne) 
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reaction. Such a reshuffling of the molecule is termed rearrange¬ 
ment. For example, 

({) n-Alkanes when heated with AlCl a at 570K undergo re¬ 
arrangement 10 give branchrd-chain alkanes. 

AICl,/570K 

CH 3 .CH 2 .CH 2 .CH 2 -CH 3 .CH 3 - 

n-hexane 

CH 3 CH* 

I I 

CH S .CH.CH 8 .CH 2 .CH 3 4 CH,.CHj.CH.CH £ CH 8 

2-mcthylpentanc 3-mrthvlpcntane 

(ti) Alkyl lialides when healed at about 57CK or at a lower 
temperature in the presence of AlCl s as ratalyst undergo rearrange¬ 
ment, p.p. f 1-brornobutanc gives 2-biomobutane, 

570K 

CH 1 .CH l .CH 2 .CH 2 Br-- CH 3 X:H,.CHBr.CH 3 

1-brumobutanc AICI 3 2 bromebu'jne 

(j) Polymerisation. Union of two or more molecules to 
form a large single molecule is t rimed pohmri i at ion. For example, 

(i) Lthvlene polymerises in prt sence of a suitable catalyst to 
give polvethylene. 

n CH 2 = CIL —-* ( CH 2 -CH 2 -) n 

Fthylene Pobcttnlene 

(ti) Acetylene on passing through a dull red hot tube polyme¬ 
rises to give benzene. 

3 CH=CH - - c; b h„ 

acetylene benzene 

4. Heterolytic Reactions. —The heteroh tic fission or hetero- 
lysis yields a carbocation or a carbamon. Hctciolvsis occurs 
due to the partial ionic character of the covalent bond in polar 
compounds. Mechanisms involving heterolytic fission during re¬ 
actions are termed ionic or polar mechanisms. 

As explainrd earlier the heterolytic reactions involve carban- 
ions or carbocations as intermediates. Since these are charged 
intermediates, they will be preferentially attacked by electron-rich 
or electron-deficient reagents. Electron-deficient reagents which 
attack the negatively charged carbanions or the negatively charged 
centres in the molecules are termed electrophiles or electrophilic 
reagents. Electron-rich species which attack a carbocation 
or positively charged centres (or points of low electron density) are 
called nucleophiles or nucleophilic reagents. 

Thus, electrophiles can be positively charged reagents or have 
vacant orbitals which can accept a lone pair of electrons, 

Cl V 

i i 

Al—Cl B—F 

Cl F 

Both Al and B have a vacant orbital and can accept a lone 
pair of electrons. 
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Some common electrophiles are given in Table 10*1. 


Table 10*1—Some Coanon Electrophiles 


Positively Charged 

| Neutral 

H 4 {proton) 

AlCl* 

Cl 4 {chtoroMum ion) 

BF. 

Hr** ( bromonium ion) 

ZnCl, 

NO,* (mtromum ion) 

SO, 

NO 4 fmtrosonium ion) 

RCOC1 

/ 


—O ( carbocation ) 

N 

\ 


H,0 4 ( Hydro mum ion) j 



Similaih, nucleophiles can be negatively charged reagents or 
neutral specie*. containing a lone pair of electron to be donated 
to electron-deficient molecules. Some of the rommon nucleophiles 
are given m Table 10*L\ 


Table 10*2 —Some Common Nucleophiles 


Negative!) Charged 

Neutral 

X - (Halide ion - Cl. Bi, \ ) , 

. NH, 

OH (hydroude ion) 

: OH, 

OR (allcoxidc ion) 

H-O—R 

CN (cyanide ion) 

R,N : 

=C: (carbaniun) 

R—S-H 

CH=C : (acetylidc ion) 

R.S : 


5. Energetics of Ionic or Polar Mechanisms. —Chemical 
reaction between R—L and A (attacking reagent) to form A—R and L 
{leaving group) involves breaking of the R—L bond in any of the 
three ways discussed before and formation of a new bond betwren 
A and R. It does not, however, necessarily mean that bond fission 
occurs first and combination of* R with A occurs afterwards. One 
necessary condition for a chemical reaction is that a molecule must be 
activated before it enters into chemical reaction . 

We can expect that when various paths arc possible for a given 
reaction under different conditions, then the path actually followed 
will be the one in which the lowest energy of activation is required. 
The transition state theory does not use the simple idea of collision 
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but considers how the potential energy of the system of atoms and/or 
molecules changes as the molecules are brought together. Consider 
the three-centre reaction 

A+BC-►AB+C 

Energy required is minimum when the reaction proceeds by an 
end-on approach, i.e., when A approaches BC along the bonding line 
of BC and from the side remote from C (departing entity). 

A .—►.B—C——►A—B C 

In such a reaction the value of the activation energy E depends 
on four factors : 

(i) The strength of the B—C bond. E is directly proportional 
to the strength of the bond. 

(»i) The repulsion between A and BC. E is directly proportional 
to this repulsion. 

(in) The repulsion between AB and C. E is directly proportional 
to this repulsion. 

(it;) The strength of A—B bond. E is inversely proportional to 
this bond strength. 

Another factor which affects the value of E is solvation of mole* 
cules and ions since most reactions are carried out in solution. 

While considering the mechanism of activation of such a reac¬ 
tion we can imagine two possible extreme cases : 

(i) A is forced up against the repulsion of BC until it is close 
enough to compete for B on equal terms with C, which is finally 
expelled. 

(it) BC acquires so much energy that the bond B—C is broken* 
and then A and C combine without any opposition. 

According to London and Polanyi, the lowest value of E is 
obtained when the reaction proceeds through a compromise between 
the above two extremes, i.e., when A approaches BC along the bond¬ 
line of BC remote from C and is forced against repulsion of BC the 
bond BC stretches at the same time until A and C can compete for 
B on equal terms. Thus a point is reached when the distances A—B and 
B—-C are such that the forces between each pair are the same. In this state 
neither of the molecules AB and BC exists independently and the system 
can now proceed in either direction to form A and BC or AB and C. 
Phis condition is the transition state (T.S.) or activated complex. 

A + B-C -► A— ...B.C-► A—B + C 

T.S. 

It Should be noted that the new bond is formed on the side 
opposite to that of the original bond which gets broken and the 
original molecule is turned 'inside out 9 , i.einverted, when the new 
molecule is formed. 

The sequence of events given above may be graphically repre¬ 
sented by means of energy profile diagrams (Fig. 10* 1 and 10*2). The 
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horizontal coordinate in these diagrams, often called the reaction 




Fig. 10'I—Fnergy profile of an Fig. 10*2—energy profile or an 

exothermic read ion. endothermic reaction. 


coordinate, need have no exact quantitative significance and merely 
represents tlie sequence of the reaction from reactants on the left 
"o products on the right. The rate oi the reaction is the rate at 
which reactant molecules pass through the transition state. 

In these diagrams AH is the heat of reaction at constant pressure and B 
is energy of activation. Lower the hump in the curve, lower is the energy barrier* 
and easier it is for the reactants to enter the transition slate. Also the wider 
•he hump for a given height, the easier it is for the reactants *o enter the tran¬ 
sition slate owing to the wider latitude in the nuclei positions for the activated 
complex. 

The activated complex contains partial bonds and the energy- 
content of the system is maximum ; it is not a true molecule. Its life 
is extremely short, and 
hence it cannot be isolated ; 
it is always decomposing 
into the reactants and pro¬ 
ducts. A complex reaction, 
however, proceeds tlirough 
a true intermediate width, 
if stable enough, may be isr>- 
latcd. Fig. 10‘3 depicts a 
reaction which proceed* 
through a true intermediate 
(1) shown by a minimum in F| 6- 1°‘3 —Energy profile diagram of reaction 
the energy profile diagiam proceeds through a true intermediate 

The greater the dtp, the more stable will be the intermediate. Con¬ 
versely, the shallower the dip, the less stable will be the intermediate 
and in the extreme case it may be so shallow that the intermediate 
cannot be distinguished from the transition state. 



* An analogy may be helpful here. Water seeks the position of minimum 
energy— it flows downhill. If you connect two basins of water at different heigms, 
water flows from the higher to the lower level. If there is a barrier between the 
basins, they may be connected with a siphon, provided the barrier is not too high 
water will flow through the siphon over the barrier. When using the phrases htte 
^be energy barrier and rhe reaction goes downhill to products> chemists have this 
analogy in mind. 

TOC-1-2’83-10 
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Kinetic versus Thermodynamic Control. Let us consider 
enrrsv diaerams (Fiff. 10-4) of two reactions A -B and A-*>C. 

Activation energy required /or 
the conversion A-»-C being 
less, product G will form com¬ 
paratively faster. Hence C is 
termed th e kinetic j>rodvct> 

However, B being as¬ 
sociated with less free energy, 
is more stable. Hence if the 
reaction is allowed to proceed 
for a sufficiently long time, 
C will t evert back to A which 
will slowly change to R, Under 
these circumstances, the 
three species A, B and C will 
be in equilibrium and the re¬ 
lative amounts of B and C 
will depend on their relative stabilities. B being more stable will be 
the predominating thermodynamic product , 



FV 
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10 4—Energy diagrams for the two 
reactions A-*B and A-+C. 


Thus we find that mild temperature and short reaction time 
favtut the formation of kinetic product C whereas higher tempera¬ 
ture and longer reaction time will favour the formation of thermo¬ 
dynamic product B, 


In some cases when the more stable product may also have 
the smaller activation energy, the kinetic and thermodynamic pro¬ 
ducts are identical. 


Reaction Kinetics. According to the law of mass action, the 
mte of a chemical reaction is proportional to the product of the active 
manses of the reacthtg substances . The molar concentration of A is 
generally taken as the active mass of A and represented by [A]. The 
equation relating reaction rate and the molar concentration is called 
rate Itiwl Suppose in a reaction 

A+B-►C+D 

it is found experimentally that the rate was proportional to the con- 
ecBH r ation of A and to the square of the concentration of B, the rate 
law “ould be written as 

rate =1fc [A] [B|* 

Th'e constant k is the rate constant or specific rate and has a 
definite value at a definite temperature. 

The sum of the exponents of the concentrations is the order of 
the reaction. The above reaction is first order with respect to A, 
second order with respect to B, the reaction itself being a third order 
reaction. If in a certain case it is found that in the above reaction 

rate^ifB] 1 

the reaction is zero order with respect to A. 
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When a reaction occurs via a number of steps, the slowest step 
determines the rate of the overall reaction*, provided the other steps 
are relatively rapid. 

A number of reactions involve activated complex as explained 
above. Many of the organic ionic reactions may, however, be pro* 
mo ted by electrophilic and nucleophilic reagents. 

6. Cirbecations.— To account Tor a wide variety of 
observations like dehydration of alcohols, dehydrohalogenation of 
alkyl halides, etc., the existence of a kind of reactive particle, the 
carbocation has been proposed. It is a group of atoms that 
contains a carbon atom bearing only six electrons. Carbocations are 
< lassified as primary, secondary or tertiary after the nature of the 
carbon atom bearing the positive charge. For example, 


H 

H 

H 

CH. 

« ■ 

— 

m 

m 

H:C® 

CH 3 : C© 

GH a : C : CH 3 

CH 3 : G :CH, 

mm 

« 

0 

• 

H 

H 



Methyl 

Ethyl 

Isopropyl 

tcrt-Butyl 

cation 

cation 

cation 

cation 


t primary , i°) 

( secondary , 2°) 

(ternary, J°) 


Stability of Carbocations. The stability of a charged 
egsitm is increased by dispersal of the, char ge. Any factor, therefore, 
that tends to spread olk lhe positive charge of the electron-deficient 
carbon and distribute it over the rest of the ion must s tabilize a 
carbocation. Thus these are stabilized inductively by plepfcffn- 
donating substituents and gendered less stable by electing; 
withdrawing substituents. 



The alk yl gro up attached loathe carbon atom bearing positive^ 
charge ™ing iryluctijm effect and thus reduces the 

positive charge of thr carbon atom to which itls attached ; in doing 
so the alkyl group itself becomes somewhat positive. This dispersal 
of charge stabilizes the carbocation. 


H 

I 

H—C© 

I 

H 

Methyl 

cation 


H 

I 

R-4-C© 

I 

H 

Primary 

carbocation 


R 


R-*-C© 


H 

Sscondary 

carbocation 


R 

R-»-C© 

+ 

R 

Tertiary 

carbocation 


•In a party consisting or the father, mither and a small child, the slowest 
mwing member (th; child) determines the speed of the party as a whole* Similarly 
in a reaction proceeding in step,, the shiwest step determines the speed of the 
overall reaction. 
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A tertiary carbocation with three alkyl groups is, therefore, 
more stable than a secondary carbocation with two alkyl groups 
which in turn is more stable than a primary carbocation with only 
one alkyl group, the methyl carbocation, with no alkyl groups 
attached to the electron-deficient carbon, is least stable of all. Thus 
stability of carbocations is in the following order : 

3° > 2* > 1° > CH/ 

The presence of an electron-withdrawing atom or group tends 
to intensify the positive charge on the electro n-defirient carbon, and 
hence makes the carbocation less stable. 

The stability off a carbocation depends chiefly upon the 
tendency of the attached groups to release or withdraw lectrons. 


T he m ore stable the carbocation, the more easily it is formed. 
While ISfiijg carbocations in” the order of their ease of formatJ5n, we 
hnd that this is also the order of their stability as given below : 

3* > 2° > 1° > CH/ 


Stabilization of a carbocation can also be accomplished bv 
resonance. If the carbon atom which is lacking an electron pair 
adjacent to an unsaturated system one can draw resonance structure 
iu which the positive charge has been delocalized o\ tT the molecular 
system. The resonance stabilization leads to a marked increase in 
the stability of the carbocation in comparison to the simple alkyl 
cations mentioned above. One typical example of resonance-stabilized 
carbocations is the ally! cation. 


CH 


H 

i 

[f^H, 


H 

t 

CH. CH, 


Methods of Formation. Some important mrthods by which 
carbocations may be formed, are : 


(a) By Heterolysis. 

(GHjJjG—X-* (CH s ) 3 C+ 4 X- 

teru butyl 
cation 


(6) By Protonation of aUcenes of alcohols. 

C\ H+ + 

CH a =CH z v* CH,—CII, 

H + + —H t O 

R—OH ** R—OH, Rv 


(c) By decomposition of certain compounds, 

pounds. 

ni -ci- r\ —n, 

C.H,—N a —Cl-► C f H # —-* 

Benzene diazo- 
aium chloride 


* j., diazo coin 


G,H/ 

Phenyl 

cation 


Reacdoni of Carbocations. A carbocation may undergo 
any of the following reactions : 



THE GENERAL NATURE OF ORGANIC REACTIONS T149 


(а) Elimination of a proton to form an aUcene. For example, 
ethyl cation loses a proton to form ethylene. 

© 

CH.-CH, ^ CH^CH, + H+ 

Ethylene 
(on alkene) 

(б) Rearrangement to form a more stable carbocation . For 
example, 

(0 Butyl cation rearranges to give more stable reo-Butyl 
cation. 


Cl I 3 .CH 2 .C Hj.GHji $ ► CH..CH..CH.CH, 


{Less stable primary) (More stable secondary) 

(if) 2-mcthvl-l-butyl cation rearranges to 2-methyl-2-butyl 
cation. 

CH. CH. 


l 

CH, CH, CH.CH,®-* CH,. 


CH 1 .(!:.CH > 


stable primary) {Mart stable tertiary) 
Rearrangement in (ij and fii) is caused bythe migration of 
hydrogen with a pair of electrons called a hydride ahift. 

(iii) 3, 3-dimcthvl-2-butyl cation (2°) rearranges to give more 
stable 2, 3-dimeth) 1-2-butyl cation (3 D ) 

CH, CH, CH. 

CH,—(L-CH.CH, —► CH,—A——A—CH, 

I © ©I 

CH, H 

(Sec on da r_v) ( Tertiary) 


Here rearrangement is caused by the migration of an alkyl 
gioup called alkyl shift. 

(c) It may combine with a negative ion or another basic molecule. 
Foi example. 


CH, CH CH, + Cl 


Isopropyl 

cation 

% OH, 

CH,—CH—CH, 

©Ah. 


:OH, 

H.O+ 


—«- CH..CH.CH, 

(A 

Isopropyl chloride 

CH,—CH—CH, 

in 


Protonated Isopropyl alcohol 

alcohol 

(d) It may add to an alkene to form a larger carbocation. For 
example, dimerization of isobutylene is explained as under : 
CH, CH, 

(i) CH,—C-CH, + H* —► CH,—A—CH. 

9 

CH, CH, CH, CH. 

II II 

(//) CH,—C-CH, + ©C—CH, —►CH,—C—CH,—C—CH. 
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(hi) In the 3rd step the resultant larger car bo cation loses a 
proton in two possible ways to yield a mixture of the following two 
alkenes: 


CH, CH, 


CH, 


-i-CH, 


C—CH§ 
C^H 3 


CH 3 CH. 
CH,—t'—CH—C—CH, 


(e) It might abstract a hydride ion to form an alkane. Isobuty¬ 
lene and isobutane react in the presence of an acid catalyst to fori.. 
2, 2, 4-trimethylpentane or iso-octane. 


This is addition of an alkane to an alkenc (alkylation). Th \ 
is explained as follows : 

CH* CH* 

(0 CH*—tJ=CH, f H+-► CH, 

© 


CH, CH, OJI* CH, 

CH,—C—CH, + ©i—CH, —► CH,—C—CH,—fc—CH, 

in. ® Ah. 

CH, CH, CH, 

(Hi) CH,—<!;—CH,—i—CH, 4 H : <^—CH,-* 

© I I 

t CH, CH, 

l - _J 

CH, CH, CH, 


CH,—d—CH,—CH , + ©d—CH, 


H (Jh. 

2, 2, 4-trimethylpentane 


hi 


-Hj 

rerr-butyl union 
regenerated 


Steps (ii) and (Hi) are then repeated. 

In the step (Hi) above, the carboration abstracts a hydride 
ion from an alkane. 


Every carbocation has a carbon atom that is short of two 
electrons and is, therefore, a Lewis acid. For this reason every 
carbocation can react with a substance which can supply an 
electron pair (a Lewis base). 

All these reactions of the carbocation provide a pair of elec• 
•ww to complete the octet of the positively charged carbon. 


7• Ionic Mechanism.—Ionic mechanisms for a few individual 
reactions are given below : 


(1) Substitution Reactions. Polar substitution reactions 
can be of two types : 

td) Nucleophilic Substitution Reactions. These are re¬ 
actions in Which the attackTiig^ reagent is a nucleophile. Some 
examples of such reactions are : 
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k i) Hydrolysis of Alkyl Halides (A Substitution Reaction}. 

4 Alkyl halides are hydrolysed to alcohols very slowly by water 
bv rapidly by boiling with aqueous alkalis or with silver oxide sus¬ 
pended in boiling water. 

RIX + K[ OH-► ROH + KX 

[Aqueous) Alcohol 

The hydrolysis is an example of nucleophilic substitution (Ski) 
because the attacking reagent is a nucleophilic one. This type of 
heterolytic reaction in solution can be explained in terms of two 
different mechanisms (unimoJerulur or bimolecular) as follows : 

Unimolec ul ar Mechanism . In this it is assumed that the 
reaction is example ted in two stages. In the first stage slow heterolysis 
occurs yielding a carbocntion. In th~ second stage a rapid com¬ 
bination oc curs between tli r* rarbocation and the substituting nuc¬ 
leophilic reagent. Since the first step involving only one molecule 
•s the rate-determining step, the mechanism is termed mtimolscular 
and labr-llt-d us SnI . ThN muv be represented as follows : 

slow B + 8 - last OH" 

R—X * R...X —>\ -fR+-► ROH 

Alkyl 1st stage fast Alcohol 

hahde 2nd stage 

Bimolecular Mechanism. According to this, hydrolysis is 
assumed 16 be a oilv -stage proems wherein two molecules simultane¬ 
ously undergo covalency change. The rate-determining step is the 
formation of the intermediate transition state. This mechanism is, 
therefore, termed birnolentlar anil labelled as Sn 2 standing for 
Substitution Nucleophilic Bimolecular. —■ ““ 

This type of reaction is accompanied by Walden inversion and 
may be represented as follows : 

When OH - collides with a CH a Br molecule at the face farthest from 
Br and if the energy of collision is sufficient, a C—OH bond is formed and the 
C —Br bond breaks. In the transiiion state the carbon atom may be pictured tn 
be partially bonded to both —OH and —Br (the C— Br bond has stretched but 
oot completely broken and the C—OH bond is not completely formed). In tins 
transition state the —OH and —Br arc .is far apart as possible, the three H and 
the C are in the same plane (.rp* hybndizition) the bond angles being 120°. The 
C—H bonds are thus arranged (in the transition complex stage) like the spokes of 
a wheel while —OH and —Br are lying along the axle on opposite sides. Whe.i 
the —Br completely Leaves, —OH has taken a position opposite to that prsviousiv 
occupied by the —Br. The alcohol formed has opposite configuration to rhat 
of the bromide (or has been inverted just as j*n umbrella turns inside out in a 
high wind). The reaction is said to proceed with inversion of configuration. 


H 

HO + H—C Br 

b' 


fL J* 

6- V P 6- 
*HD-C-flr- 

i 

H 


P e 

+Br 

\ 

B 


fnucleo- transition complex (OH has configuration 

phile a diminished negative charge inverted as 

approaches) as it begins to share its Br* leaves, 

electrons with C, Br has 
developed a partial negative 
charge as it has partly removed 
a pair of electrons from C) 
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A* H atom* of —CH, are replaced by bulkier groups (e g.. 


# 

H-i-CH., 


CH. 

<k-CH,. 


etc.) there is increased crowding around the carbon atom and 


:herefore, the approach of the attackinn nucleophile is hindered (Jfrric 
hindrance ) And the reaction slows down I he presence of bulkier groups makes 
ihe transition complex less stable due to overcrowding. It is, therefore, not 
readily formed. In general for an S N 2 reaction the order of activity of alkyl 


halides is : 


CH a X > primary halides > secondary > tertiary 

It has been found that tertiary alkyl halides usually react by unimolecular 
mechanism whereas the primary alkyl halides usually react by bimolecular 
mechanism. 

(»») Formation of alkyl halides. 

ROH + IIBr RBr + H f O 

0 

ROH 4- H+ -► ROH 


H 

0 0 

Br + ROH -* Br—R + H z O 


H 

(Hi) Cleavage of ethers. 

R—O—R' + HI ROH + R'l 

0 

R—O—R' + H+ -► R—O—R' 


© 

I- 4 R—O—R' 


H 

I -R 4“ R'OH 


H 

(in) Formation of ethers (Williamson s synthesis), 

R fT NajOR' R—O—R' + Nal 

R'O” + R—I -► R'—O—R 4- 1" 

(6) Electrophilic Substitution Reactions. These are reac¬ 
tions in which the attacking reagent is an electrophile. Such 
reactions are very common in aromatic compounds —sze Chapter 23. 

(2) Elimination Reactions. Some examples of elimination 
reactions are : 

(i) Removal of halogen acid from an alkyl halide. When 

an alkyl halide is boiled with alcoholic potash, an olefin is obtained, 
propyl bromide gives propylene. 

CH,. CH,. CH,. Br 4- KOH-CH,.CH-CH,+KBr 4- H,0 

Propyl bromide (alcoholic) Propylene 
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According to Hughes and Ingold (1941), the elimination reac* 
lion between on alkvl halide and aqueous potash may proceed by 
cither a unimolenilar (El) or a bimolccular (E2) mechanism. 

(i) El werhrtribsrn : 

Ok slow 4 . 

CHj— H,—CH,—Br-► CH,—CH,—CH t + Br 

Propvl cation 

Ok Oi 4 fast 

HU H—CH—CH,-► H,0 + CH-CH, 

I I 

C H, CH a 

Propylene 

Here if is assumed that the inaction is completed in two 

stairs. In the /irs r Higc slow heterolysis occurs yielding a carboca- 
tion. In the shroud >lage HO" ion removes a proton from *he carbo- 
cation and this elimination is rapid. The first stage involves only 
one molecule and bi ing slow determines the order of the reaction 
which is, t her id r*. ummolecular elimination (El) reaction. 

(i"i) E2 irirrhanism : 

-Ok Ok Ot 

HO + H-CH-fHi-Br-> 11,0+rH-CH, + Br 

! 1 

ch, ch, 

On the or her h'.nd, with alcoholic patash which contains 
- + 

ootavsium ethoKide CLH^OK, the reaction tends to take place by E2 
jum hanism as follows : 

.r\ r\ 

C,H.O + H CH CH,—Br ► C^.OII + CH=CH, + Br 

I I 

CH, CH, 

In an alkyl hilide the carbon atom carrying the halogen 
becomes more md more branched as wc proerrd from 1® to 2° to 3®. 
f his increased branching has two results : 

( 1 ) It provides greater number of hvdrogcns for attack by base 
nnd hence a raoi e favourable probability factor towards elimina¬ 
tion i and 

(iO It ItMfk to more highly branched, i.e., more stable transi¬ 
tion stdtc and Inwn L nct . 

As a rciiih of these two factors in dehydrohalogenatioa 
the order of reactivity of RX is 3°>2®>1°. 

(ii) Dehydration of Alcohols. The generally accepted 
mechanism fot the rh !r, dration of alrohols is summarized in the 
following step> 

(i) The alcohol un<l<& with a H+ Inform the protonated alcohol . 

• H 4, $ 

C Hj CH*—OH * CH,.CH,—OH, 

Mcohol Protonated alcohol 
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(»i) The protonated alcohol dissociates into water and a carboeation 

0 0 

CH, CH| — OH, * CH> — CH, + H a O 

•- Carboeation 

(in) The carboeation loses a proton to form the, alknu 

0 

CH,—CH, ** CH,=CH X + H+ 

Ethylene 
{an aikene) 

In some cases the carboeation may undergo ;carrangemem 
to give a more stable carboeation before Iodine a proton. For 
example, dehydration of 1-butanol gives 2-butrne. This can be ex¬ 
plained as follows : 

CH,.CH a CH a .CH,.OH-► CH 3 .CH a CH a CH,OH, 

1-Butanol Protonated ala.'ru>l 

—H|0 Rearrange- 

-► CH, CH,.CH X .CH, $-* CH3 CH2.rH.CH, 

1-Butyl cation ment 

—H+ 2-BuUl cation 

-* CH..CH-CH.CH, 

2-Butene 

It IS chiefly because of the greater C'-rruntv to where the 
double bund will appear that dehydrohalogenaiion is often prefrrrrd 
over dehydration as a method of preparation of alk< ucs. 

The carboeation is formed by disnormtiou of protonated 
alcohol involving separation of charged particle R© from the 
neutral molecule H 2 0. This obviously requires rmi« h less energy 
than formation of R© from alcohol itself wlmh involves separation 
of a posiri/e particle (R0) from a negative partitle (OH"). 






R.OH, 

- R j 

-1- h 3 o 

Weak ba'e : 
good ira\ ing agent 

Easy 

ROH 

-> R ? 

nr OH” 

Strung ba^c : 
poor leading agent 

Difficah 


Viewed in another way, the carboeation is a Lewis acid. It 
can release a weak base (H 2 Oj much mo:c rradilv than it can 
release a strong base (OH"). 

Dehydration of alcohol, therefore, requires the presence of an 
acid (to give protonated alcohol) and the application of heat. This 
is carried out either by heating it w ith sulphuric acid or phosphor] c 
add or by passing alcohol vapours over heated alumina (serving as 
Lewis acid) at 525K. 

Ease of dehydration of alcohol Is : 3° > 2° > 1° 

This being the order of stability and the ease of formation of 
carbocat ions from them. 

Stereospecificity in E2 Elimination. A high degree of 
ftereospeciflcity is exhibited by E2 elimination reactions. These 
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proceed more readily if the atoms or groups to be eliminated are 
lorated trans to each other. 

B niH \rv / R ® \ x r e 

R—G—G—R' B : H + ;C = CC + Br 

p,/ \Br X R' 

The base B: abstracts a proton and the electron pair so 
released attacks the a-earbon atom probably from the back* followed 
by the displacement of the leaving group, Br. The H atom being 
eliminated, the leaving group Br and the two carbon atoms Ca and 
CP should all be copianar in the transition state. 

(3) Addition Reactions. The positive end of a polar 
molecule, being electron deficient, is termed electrophile and it* 
negative end is electron-rich or nucleophile. 

An addition reaction in which the first step is slow addition 
(rate-determining step) of a nucleophile is termed Nucleophilic add) - 
ti<m reaction. Following this rate-determining step, the intermediate 
then yields the final product by abstracting a proton from some 
source, usually the solvent. 

Similarly, when the first step is the slow addition of an elec¬ 
trophile (rale-determining step) resulting in the formation of a 
carbocation, it is called Electrophilic addition reaction. Following 
this rale-determining step, the carbocation combines rapidly with 

some nucleophile, Nu© like the second step in S N 1 reaction. Some 
examples of addition reactions are : 

(i) Nucleophilic Addition of hydrogen cyanide to a 
carbonyl group. Liquid HCN gives an addition compound (a 
cyanohydrin) with aldehydes and ketones (both containing a carbonyl 
group, i>C=0). It is found that the addition is catalysed bv bases 
and retarded by acids. From this it is concluded that the addendum 
was the cyanide ion, 'CN and not HCN din rtly. 

7'he mechanism suggested for the base-ratalvsed formation ot 
cyanohydrins in liquid HCN is as follows : 

yO- HCN j OH 

>C — O i* >C' -* >C' -| CN 

^CN last n CN 

CN 

The carbonyl group >C = 0 undergoes rlruromeric effect at 
the requirement of the attacking reagent. Positively charged carbon 
is attacked by the nucleophile, CN while the negatively charged 
oxygen atom is attacked by the electrophile, ll*. Positively chargrd 
carbon, being a less stable arrangement, is attacked first and the 
negatively charged oxygen, being more stable arrangement, is attack¬ 
ed later. 

(ii) Electrophilic Additioo of halogens to olefins. Ethylene 
gives an addition product with bromine. 

* CH^CH.+Br, —► CH*Br—CH.Br 

Ethylene Ethylene bromide 

•In S n 2 reactions also the attacking group approaches the molecule frorr 
the back »>., from the side away from the leaving group. 
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Electronic Mechanism. The high reactivity of the olefinic 
c>ond is due to the presence of tw o ^-elec trons, which readily undergo 
dectrome rir ^Qect at the requirement of the attacking reagent, 
during addition of bromine, ethylene undergoes electromeric effect. 


r\ + 

-► CH,—CH, 

A halogen molecule is non-polar. In the vicinity of a dense 
electron cloud ol ihe carbon-cai Ixm double bond, however, it gets 
.mlarised 

_g Polarization of Br t by a double bond 

/ c \ 

The polarized bromine molecule approaches the ethylene 
molerule forming tlv* transition complex which then breaks as given 
brlou : 


Br -Br ...CH,—£h, —h 
T ransition complex 

Next, the bromide ion (Iir ) 
carbon atom. 


Br: + Bi—CH,—CH, 

attaches to the positively charged 


Br—CJ1,—CH, ^ Br ► Br—Cl J ,—C H,—Br 

Ethylene bromide 

Combining thi.se equations, we can represent the addition as : 

+ rv 

Br—Br CK^CH,-►BrCH.XH, hBr -> BrCH.CH.Br 

Bromine Lihylene Ethylene bromide 

That out of the two biomine atoms I)r* adds first and the 
addition of Br” takes placr next is supported by the formation of a 
nurture of CH 2 Bi—C fI 2 Cl and CIL.Br—CFLBr when ethylene is 
treated with biomine water containing sodium chloride. This is 
brramr butb Bi" and CT ions are available m the second step and 
both ol them conga tc for the positively charged carbon atom 

ir Br-C 

Cl 

+ Bi—CH,—CH,—Cl 

Br—til,—CH,- 

— * Bi—CH a —CH,—Br 
Br 

Such additions have been found to be stercochcjniially tians. 

Br 

Hr, I | 

-■C=CC - -G-G — 

I I 

III 

Trans addition of bromine to an olefin is supposed to proceed 
fbiough the following steps : 

(0 Bromine interacts with the ~ electrons to form a it complex 

(I) which th' x n leads to the formation of a a bond in the carbocation 

(II) or the bromDnium ion (III). 

(n) Carbocation or the bromonium ion is finally attacked 
by the nucleophile Br” resulting in the fbramtion of dibromide (fV). 
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C=C<: 

T 

Br 


— >C===C < - 

l«+ 

Br 

ck 

V COMPLEX (1) 



CARBOMUH ION (a) 



■C< 

I 

Br 


BPOMONAJM TRANS 

•ON (M ) Olbf(ONlDE(!Z) 


(**<) Electrophilic Addition of Halogen adds to Olefins. 

In this reaction the first step (which is also the iatc-deteniiin/n; 
step) is the addition ofH 4 to form a n complex which subsequently 
leads to the formation oT a eai bocal ion. The second *tep is th¬ 
at tack of the nucleophile X~ to form a trails addition produi t. 

During the addition of HBr to propylene the two ^teps ai e . 
(i) addition of II 4 to form more stable i>opropvl ation (not 

© 

pnmaiy)and finally (it) addition of Hr to yield a Turns product, 
isopropsl bromide. 


ch—ch=c» 2 

H 

I 

Br 


ch-ch^=ch 2 —^ch 3 -ch— :s 9 

* 6+ I 

H 2' CAPBONiUM TI 

I 6 _ ION « 

Bt I T 3 r 

17 complex Br 

i 

ch 3 —ch—ch, 

I ' 

IT 

TRANS ADDITION PRODUCT 

(4) Rearrangement. Wc are already familiar with the Ian 
that a carboralion rearranj-w itself to giveamoic -fable i-.it bo- 
cation. Examples of some re a *ions involving rearrangement arc 

(t) Rearrangement of Aikencs. Thi- takes plate in the 
presence of acids. 

CH, CH a 

CH.-tl-CH.cn, £ Clt,—(1-CH— Cl I, 

gh 3 ch, 

2 carbocdtion 

CH* 

I — H + ch 3 ,ch 3 

CH 3 —C—CH—CH, V* >G = C / 

© I CH,/ ''CH, 

CH, 

3° carbocation 
(more stable) 
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(ii) Rearrangement of Alkyl hnlidea. 1-Bromobutane on 
heating to 575K or at lower temperature in presence of A1C1, 
undergoes rearrangement to give 2-Bromobutane as follows : 

—Br" + Rearrangement 

CHjjCHjCHjCHjBr-► CH^HjCT^CH,-► 

1-Bromobutane ]° carbocation Hydride shift 

+ Br- 

CH a CH B CHCH 3 —► CH,CH,CHBrCH t 
More stable 2-Bromobutane 

2° carbocation 

(5) Polymerisation. Some examples of polymerisation are : 

(1) Polymerisation of substituted ethylenes, CH, —CHG. 
(a) Cationic mechanism. 

(i) Initiation step : 


Y + + CH 2 =CH Y—CH 2 —CH+ 


An acid 
(a cation) 


G 


(*i) Propagation steps •' 


G 

A new cation 


Y—CH a —CH+ + CH S =CH Y—CH a —CH—CH a —CH+ 

i 

G G 

and so on 

Y— 

n CH,=CH 


G G 

CH a —CH—1 —CH a —CH+ 
G 


f —CH a —CH—") 

l <1 J. 


[Hi) Termination step : 

Y—[CH a —CH]«—CH a —CH + - 


(an anion) 


-► Y—[CH a —CH]»—CH a —CHX 


G 


G 


G 

Polymer 

( 6 ) Anionic mechanism 

(t) Initiation step : 

© r\ r\ © 

Z : + CH 2 =GH Z“GH a —CH : 

A base | | 

(an anion) q q 

A carbanion 
(A new anion) 

(u) Propagation steps : 

e r\ r\ 


'o 


© 


Z—CH,—CH: + CHj=CH -> Z—CH a —CH—CH a —CH l 


I 


G G G 

and bo on 0 

-► Z—[—CHj—CH—J„—CH,—CH: 

A G 
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{ti») Termination stfp : 

© 

Z— [—CH,—C H—]„—CH,—CH: 

C G 

H f or 


a cation 


Z—[—CH a — CH—]„—CH,—CH, 

I I 

G G 

Polymer 


^J2) Polymerisation of Isobatylene. See page 1148. 

\ 8. F ree Ra dicals. j-As stated earlier free radicah are species 
with (me (or more) impaired electron(s) obtained by the homolytic 
lission of a covalent bond. 

Methods of formation. Some important methods by which 
radicals may be* formed are : 

(aF Photochemical fission. Absorption of electro-magnetic^ 
radiahon by a molecule causes bond fission. For example chlorine, 
bromine, acetone, pt roxides, etc., are susceptible to photochemical 
fission. 

Cl—Cl Cl* + CT 
O O 

!! II 

CII 3 ~-C— CH 3 CH,’ + * C—CH 3 CO + CH, 

{Jrf Thermal fission. Py&olysis of all organic compounds 
yields radicals, (i) Lead tetraethyl oil healing decomposes Uf~ 

give C,H 6 ' tl'ee radicals. 

Pb(CLH 6 ) 4 -► Pb + 4C.H/ 

(ii) Azometliane decomposes at 575K, by homolytic hssion of 
C—N bond resulting in the formation of extremely stable 1 nitrogen 
molecule. 

CFI,—N=N—CH a -* 2CH a ^ 

(«*) Organic peroxides are easily dr'imposed at quite low 
temperatures (ranging between room temperature and 375K) due to 
the presence of the v< rv weak O—O bond (bond dissociation energy 
«£*125 kj moF 1 ). For example, dibenzoyl peroxide and di-t< rt-butyl 
peroxide. 


O C 

0 n 

(\ H 5 —c—O- O-C - C B H 

Benzoyl peroxide 


a 11 

6 n 5 2C B H 5 C O' 

Benzoate 

radical 


20,41/ -f 2CO, 
Phenyl 
radiual 


(CH 3 ),C—O-O-C (CH 3 ) 3 2(CH 3 )jO - o- — 

di-/rr/-but\ l peroxide 

2CH a ’4- 2(CH,) 8 C—O 
(tV) Chlorine and bromine also undergo thermal fission to yield 
free radicals. 


(c) Oxidation'Redaction reactions. These include oxida¬ 
tion/reduction reactions by inor ganic iop^ . metalor electrolysis 
r F sl tlting in tingle electron transfers^ F or example^~ 
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(t) Use of ferrous ion to catalyse oxidation with hydrogen 
peroxide in Fenton’s reagent. 

H s 0 2 + Fe 8+ -> HO' + OII“ - Fe a + 

(u) Electrolysis of an aqueous solution of the alkali salt ot a 
fatty acid (Kolbe’s electrolytic synthesis of hydrocarbons). 

O 

— 2e‘ I -- 2CO, 

2RCOOXa ^ 2RCOO--► 2R~( -O*-> 2R 

-7 2Na+ At anode 

Reactions of Free Radicals. Radicals unri' r vo the following 
types of reactions ; 

(a) Combination. Free radirals may undergo dinicrisation. 
Two different radicals rombine on rolliding with curb other, for 

example ; 

Cl + Cl -► CL 
CH/ + ch,- ^ ch*— r ii, 

CH 3 + ci- -* CH a —C1 

(b) Disproportionation. This invol\i s tian 3ci ofh\drog^n 

between two radicals. This is energetically more favourable smn 
it involves fission of one bond and formatior of th< bonds 

2CH,CH t . CH 1 CH S - t.lI s --=CH 3 

J^octhvl Elhane £ ihyJene 

r idicals 

(r) Abstraction. Free radicals may abstrait an atom (usually 
a hydrogen atom) from a saturatrd organic comjionnd. For example* 

CH 3 + H--C2 t H 5 - CH 4 1 CI.11/ 

Mel I yl Ethane Methane i th\l 
radical (A saturated uuiical 

compound ) 

Cl* + H- nil, HCl f C 1 I 3 

In geneial, the reaction 

X- 4- H—R XII + K 

v\ill prtK'xJ if the energy of the X—FI bond is gnaitr than the 
energy the H—R bond because in that ta.se prr ducts are Jmure 
stable ti r the starting mate rials. 

($) / Mitinn tc Multiple Bonds. 

CH,—CH-CHo J Dr -*> CIJ* —CH —ClI a Cr 

Propylene 1 ad cal Anotner i.ubUd 

(r) Fragmentation. Certain radical* amlergm Jission result* 
ing in the formation of a new radh *1 and a hoii-j ftdieal fragment 

O 

II 

( 1 ) c 6 h 5 —c—O- -> c\h 6 . + co, 

Benzoate Phenyl 

Radical radical 
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O 

H 

(«) C 2 H 5 —C—O C 2 H 5 - + 2CO. 

Propionate Ethyl 

radical radical 

Stability of Free Radicals. When an alkane dissociates into 
free radicals (R—H-^ R’ + H‘) energy equal to its bond dissociation 
energy has to be supplied to it increasing the P.E. of the free radical.. 

Smaller the bond dissociation energy, greater the ease with 
which it is formed and Jess will be its P.E. making it more stable. 

Bond dissociation energies of some radicals are given below 

CH 3 -H-* CH 3 + H- ; AH=435’1 kj 

Methane Methyl radical 

CHj—C1I.—H-> CH a —CH/ + H* ; AH-411 kj 

Ethane Ethyl radical 

(a 1° radical) 

(CH^CII—H- ► (CH 3 ),CH- + H ; AH=395 4 kj 

Propane Isopropyl radical 

. (a 2° radical) 

(CH 3 ) 3 £-H-► (CH 3 ) a C- + H- ; AH-380-7 kj 

Isoburratie terf-Buiyl radical 

t (a 3° radical) 

Dissociation energy decreases and hence P.E. decreases as we 
pass from CH 3 ‘ to (GH t ; 3 C‘ radical. With decrease in P.E., the 
stability of the radical increases. Hence stability of the radical 
increases from GH 3 ‘ to (GH a ) 3 C' 

Thus we see that their relative stabilities are in the order : 

(CH 3 ) 3 C- > (CH a ), CH* > CH 3 CH/ > CH a 

/er/-Butyl Isopropyl Ethyl Methyl 

In general, stability of free radicals is in the following 

order ; 

3° radial > 2° radical > 1° radical > CH 3 * 

As stated above, smaller the bond dissociation energy, greater 
the case with which it is formed. From the values given above 
it is found that bond dissociation energy increases from (CH a ) 3 C. 
to CH,' radical. (CHj)jC' with lowest dissociation energy is most 
easily formed. In general, tbe ease of formation of a free radical 
has been found to follow the order : 

3° > 2° > 1° > CH,- 

Relative to alkane from which it is formed, Jus is also the order 
of stability of free radicals . 

Thus, we find that more stable the free radical, more 
easily it is formed. 

9. Free Radical Mechanism.—As a result of homolytic fis¬ 
sion a molecule breaks into two electrically neutral fragments (atoms 
or radicals) called free radicals . Due to the presence of unpaired 
electrons in them, the free radicals are highly reactive and have 
only a transitory existence. They give rise to chain reactions and 

TOC-I-2-83-11 
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two such free radicals unite on collision to form a molecule. A few 
organic reactions explained in terms of free radical mechanism are 
given on the following pages : 

SUBSTITUTION REACTIONS 

(1) Halogenation of Alkanes. Chlorine or bromine reacts 
with an alkane on heating or in presence of light, replacing a hy¬ 
drogen atom by the halogen atom. For example, chlorination of 
methane gives methyl chloride. 

CH 4 + Cl, —►CH,Cl + HC1 

Mechanism of Halogenation. The following series of reac¬ 
tions is postulated to represent the formation of methyl chloride • 

Light dissociates a chlorine molecule into atoms [step (I)] 
which collide against the methane molecules producing methyl 
radicals and hydrogen chloride [step (2)]. Methyl radical in llieir 
turn then collide with chlorine molecules to produce methvl chloride 
and more halogen atoms [step (3)]. This is followed bv repetitions 
ot the steps (2) and (3). 


Cl, 

Light 


cr + cr 

.. in 


Free chlorine atoms 

CH, + Cl- 

CH,* 4- HC1 

• (21 


Methyl radical 
(extremely tractive) 


CH,- + Cl, 

ch.ci + cr 



Reaction (1) is known as the jnjLiatwn 9l&p, while the reactions 
(2) and (3) are termed the pTpjiagqtivn This type of reaction is 

called a chain reaction. Many reactions occurring through tli^* 
agency of free radicals follow a chain reaction mechanism. 

The chain reaction does not, however, continue indefinitely. 
Several other reactions which can occur in the system and are respon¬ 
sible for the stopping of the chains are : 

Cl* + CH, -► CH|CI 

cr + CT - Cl, 

CHr + CH,* C,H, 

These are termed There are, however, 

fewer chain termination steps and a very large number of chain 
propagation steps. 

Orientation of Halogenation. The rate or abstraction of 
hydrogen atom from the alkane to yield free radical has been found 
to follow the sequenre 

tertiary (or 3°)> secondary (or 2°)> primary (or 1°). 

At room temperature the relative rates of substitution by 
chlorine per hydrogen atom are 

5*0 : 3-8 : 1*0 

Using these values we can predict quite well the ratio of the 
isomeric alkyl chlorides obtained on chlorination of an alkane. For 
example, during chlorination of n-butane 
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Cl, 

CH,.CH,.CH,.CH, —>- CH|.CH,.CH|.CH a Cl and CH,.CH a .CHOl.CH, 
570K n-But.vl chloride rec-Butyl chloride 
_n-Butyl chloride No. of 1°H reactivity of 1*H 
jeoButyl chloride “ No. of 2°H X reactivity of 2°H 
_ 6 L0_ 6 28% 

= 4" x '3*8 * 15‘2“72% 


In the above calculations, the ratio 


No. of 1°H 
No. of 2°H 


gives the pro¬ 


bability factor. Larger the number of 1°H atoms, greater the pro¬ 
bability of its abstraction. 

Reactivity and Selectivity. By “selectivity 5 * we mean the 
difference in rates at which the various classes of free radicals are 
formed ; a more stable free radical is formed faster. In its attack on 
alkanes the bromine atom is much more selective than the chlorine 
atom, its relative rate factor being 1600 : 82 : 1 as compared with 
VO : 3*8 : 1 for chlorine. It is also much less reactive than the 
chlorine atom (only 1/250,000 as reactive towards methane). This 
is just one example of a general relationship : in a set of similar reac¬ 
tions, the less reactive the reagent the more selective it is in its attack . 

Problem. Calculate the relative amount of n-buty l bromide and sec- butyl 
bromide obtained on bromination of butane. (Ana. 1*8% : 98*2%) 

Inhibitors. The chlorination is slowed down by a small 
amount of oxygen for a period depending on the quantity* of oxygen. 
Oxygen is believed to react with methyl radical to form a new 
radical. 

CH,- + O,-► CH a —O—O- 

The new radical is much less reactive and can do little to continue 
the chain. Thus by combining with a CH** radical one molecule of 
oxygen breaks the chain and prevents the formation of thousands of 
molecules of CH a Cl. The reaction slows down tremendously. After 
all the oxygen molecules present have combined with methyl radicals, 
the reaction again proceeds at its normal rate. 

A substance like oxygen that slows down or stops a reaction even 
though present in small amount is called an inhibitor. The period 
during which inhibition lasts, and after which the reaction proceeds 
normally is termed inhibition period. 

(2) Autoxidation. Another example of a substitution reaction 
involving free radicals is autoxidation of organic compounds, e.g f , 
hardening of oil paints and varnishes, deterioration of rubber and 
plastics. This is photosensitised oxidation of these on exposure to 
air and sunlight. Traces of impurities present, e.g traces of 
metals, can act as initiators of chain reaction which then proceeds 
spontaneously. However, added peroxides act as powerful initiators. 
Mechanism for autoxidation of a hydrocarbon, RH is outlined 
below : 

(») Ra • + H—R RaH + R* ( Initiation step) 

(u) R* + O-O- RO—O' 

oxygen (with 
diradical nature) 
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(in) RO —O* + H—R RO —OH + R' 

(it) and ( Hi) are propagation s f <*ps. 

ADDITION REACTIONS 

(1) Addition of chlorine to tetrachloroethylene. Addition 
of halogens to unsaturated compounds can follow an ionic or a 
radical mechanism depending upon the conditions of the reaction. 
In the vapour phase and in sunlight, the addition follows the radical 
mechanism almost entirely. Different steps involved in the addition 
of chlorine to tetrachloroethylene in presenre of sunlight are : 

/»v 

(t) Cl—Cl 2 ’Cl (Initiation stay) 

(n) CC1 2 =CC1 2 + C1 CCI,—CC1 3 

(Hi) Cl—Cl + ecu—CC1 3 - ci + ccu—ecu 

(it) and (iii) are propagation steps. 

(2) Addition of HBr to propylene. In tlu* presence of air 
or peroxides, addition of hydrogen bromide is abnoimal as it takes 
place against the Markowriikoff’s rule. The action of peroxide lo 
cause this abnormal addition is termed Peroxide effect. 

CH,—CH Peroxide CH 3 —CH a 

I, +H+-Br--| 

CH 2 CH 2 Br 

Propylene Propyl bromide 

The mechanism of the peroxide effect, though not linallv 
settled, appears to be a free-radical chain reaction, the peroxide 
generating the free radical is as follows : 

(a) RO-OR-* 2RO- 

Peroxidc Free radicals 

(b) HBr + RO*-► ROH -f Br 

8 + 8 ’ 

(c) Br + RCH=CH 2 —►RCH—CH.Br 

Secondary tree radical 

(d) RGH—CHjBr+HBr-*RCH 2 —CH 2 Br+Br, and so on. 

Out of H- and Br (from HBr), radical H*, being inore unstable, adds 
Ant to the radical RO* obtained from the peroxide. Reason for separation 
of charge in RCH^CH, is the inductive effect on account of the electron repel¬ 
ling nature or R. 

Free bromine atoms are electrophilic reagents due ro their tendency to 
complete their octets and hence attack the olefin at its point of highest electron 
density in step (c). 

The same can be predicted from the general rule : Free-radical addition 
to a carbon-carbon double bond involves the intermediate formation of the more 
stable free radical , their stability being in the order 3 L 2' >1° > *CH 
For example, addition of Br’ to RCH=CH, will give : *’ 


RCH—CH g Br 
ST fa* radical 


RCH— CH, 

•r I 

Br 

1* free radical 
(Wrong) 
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It is a chain reaction tn which (a) and (b) are the chain initiation steps* 
'c) and (d) are chain piopapation steps Because of their low concentration 
bromine atoms obtained in \b) do not react with one another, instead add to 
the double bond oi'aJkeue vshoce concentration is massive. 

Chain termination step is the chance contact of two free radicals. For 
instance, the secondary free radical formed m step (c) might unite with the Br 
formed in step (h) or id) to produce a molecule of 1, 2-dibromoalkane. Amid 
several thousand molecules of 1-bromoalkanc, the presence of this lone mole¬ 
cule would hardly b<- detectable. 

Problem. Addition of CHC1 S or CCfi to an alkens also occurs by free 
radical mechanism Write various steps for their addition to propylene. 

Presence o* peroxides affects the addition of hydrogen bromide 
only. This is beiause the bond energy of hydrogen chloride (H—Cl) 
is too high to br^ak when free alkyl rad. cal approaches it. In case 
of hydrogen iodide the H—I bond breaks easily but free iodine 
atom I‘ is very unstable and gives iodine molecules, I, instead of 
adding. 

(3) Catalytic Reduction of Olefins. Hydrogen is added to 
an olefin molecidr in prr'.race ol finely divided nickel, palladium or 
platinum. The r eactvon is believed to proceed via the formation of 
tree radicals as gn en h' low : 

Molecules of the irattants (olefin and hvdrogen) are adsorbed 
on the catalyst surface and dissociate into atoms or radicals. For ex¬ 
ample, hydrogen atoms and ethylene diradicals arc produced during 
hydrogenation oL ethylene. 

H—H 2H' 

CH, -CH, H,C—CH« 

Ethylene diradical 

Ethylene diradicak and hydrogen atoms are stabilised by weak 
pairing of their unshared electrons by electrons of khc metal surface 
forming a monomolecular layer. 

Ethane is then produced bv a collision between the ethylene 
diradical and a hvdiogen atom, in two steps given below : 

H* " H 

H,C—CH, > H,C—CH, ► H,C—CH, 

Ethylene diradical Ethyl radical Ethane 

ELIMINATION REACTIONS 

Reactions in\ olving fragmentation of radicals involving cleavage 
of carbon-carbon or caroon-hydrogen bonds resulting in the forma¬ 
tion of smaller molecules r:ay be considered as elimination reactions* 
For example 

Pyrolysis of Hydrocarbons (Cracking). Ethane on 
pyrolysis gives a mixtuie of ethane, ethvlene, methane and hydrogen. 
It is suggested that pyiolysis proceeds via the formation of free radi¬ 
cals. Ethane undergoes homolytic fission at high temperature tp 
give two methvl radicals 

CHr-CH. —► 2 CH a ’ 

which react in either of the following ways : 
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(a) Methyl radical on collision with an ethane molecule to 
produce methane and ethyl radical 

CHr + CHr-CHi —► CH, + CH.-CH,* 

Free methyl Ethane Methane Free ethyl 
radical radical 

(b) Two methyl radicals unite in presence of a third molecule 
(e.p M walls of the vessel) which absorbs the energy thus set free to 
produce ethane. 

2CH,- —* CH,~CH. 

Eihane 

(c) The ethyl radicals produced in step (cr) fuim ethylene bs 
disproportionation. 

CHg—CH, - + CH, — CH,' —► CH,~CH, + CH t -CH, 

Two ethyl radicals Ethane Ethylene 

or 

CH,—CH,’ -+ CH,=CH, + H* 

H*-f CH,—CH, — CH,—CH,' + H, 

H’+H--»H V 

A repetition of these reactions constitutes a chain reaction. 

Exercise. From various steps indicated above for pyrolysis of ethane* 
write down various steps under the following heads : 

(!) Initiation step, 

(if) Propagation steps, and 
(/r'O Termination steps. 


POLYMERISATION 

Vinyl polymerisation. Polymerisation of ethylene (a mono* 
mer) to form polyethylene (a polymer) involves three steps given 
below : 


(a) Chain Initiation step . 

Peroxide, etc., form a radical Ra' necessary for initiating the 
chain reaction. 


(6) Chain propagation steps. 


CH,=CH, 


Ra* + CH a =CH a -► RaCH,—CH a ’-► 


and bo on 

RaCH a —CH a —CH,—CH,’ or RafCH^CH,--■+ 

dimer 

Ra(CH a )f,-|CH |a 

polymer 

(c) Chain termination steps . 

(•) Ra(CH,)«- 1 CH, • + Ra Ra (CH,) B Ra 


(is) Ra(GH 2 ) n - 1 CH 2 * -f- *GH a (CH 3 )«_ 1 Ra Ra(CH 2 ) a n Ra 

10. Eergy of Activation and Progress of Reaetios.— 

According to the collision theory, necessary conditions for the reaction 
Cl-+CHt~H—►H—Cl+CH,* ; AH-- 4*2 kl 


to occur arc : 
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(t) A chlorine atom and metJtane molecule must collide . Since 
chemical forces are of extremely short range, a hydrogen-chlorine 
bond can form only when two atoms are in close contact. 

(tV) To be effective, the collision must provide Certain minimum 
amount of energy , called the energy of activation, E 9 cu This is 
supplied by the kinetic energy of the moving particles. In the above 
reaction, energy of activation required is 1874 kj mol' 1 and at 550K 
only about one collision out of 40 is sufficiently energetic. 

(m) During collision the jtarUcles mast be projyerly oriented . For 
example, for the above reaction to occur the methane molecule must 
be so oriented at the instant of collision as to present a hydrogen 
atom to the full force of the impact. In the above case only about one 
collision in eight is properly oriented. 

In general , a chemical reaction requires collisions providing sufficient 
enrrgy {Energy of activation) and of proper orientation . 

Potential energy changes taking place as the reaction progresses 
arc seen more clearly in diagrams like Fig. 10*5. Progress of reaction 
is represented horizontally from reactants on the left to products on 
the right. Potential cnerg) (i.e., all energy except kinetic energy) at 
any stage of the reaction is represented by the height ot the curve. 

We start with potential energy valley on the left with methane 
molecule and chlorine atom {reactants). In addition to potential 
energy’, the paitkles possess kinetic energy which varies since some 
move faster than others. On collision, some kinetic energy changes 
into potential energy. With this increase in potential energy the reac¬ 
tion starts and we move lip the energy hill. With enough increase in 
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Fig. 10’5—Potential energy changes during progress of 
an exothermic reaction. 

potential energy («®-& ae t=16'8 kj in this case), we reach the top of the 
hill and start down the far side of the energy hill. During descent 
more and more of potential energy changes into kinetic energy until 
we reach the potential energy valley on the right with methyl radical 
and hydrogen chloride molecule {product). The energy content of 
the products is less than the energy content of the reactants and the 
difference (AH) is given out as heat, A reaction of this type is 
termed exothermic reaction. 
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Kate of Reaction. Since a chemical reaction proceeds as a 
result of effective collisions of sufficient energy and pi-opcr orienta¬ 
tion, the cate at which these collisions occur will determine the rate of 
reaction. The rate of effective collisions can be expressed as the 
product of three factors. 


Number of 
effective 
collisions 
per ml per 


Total number 
of collisions 
per ml per sec 


or 


rli ., Collision energy 

frequency factor 


Fraction of 
collisions 
having x 
sufficient 
energy 


Fraction of 
collisions 
having 
proper 
orientation 


^ probability factor 
(orientation factor) 


The collision frequency depends on how closrlv the particles 
are crowded together, t.e , its comenttation or pressure. Heavier 
par tides are generally laigc r ones. A heavy pirtule moves slowlv 
and thus tends to decrease collision in quency but its large volume 
tends to increase collision frequency. These two factors thus tend to 
cancel out. 


Energy factor depends on temperature and the em rgv ol 
activation which is characteristic of each reaction. 

Probability factor drpends upon the geometry of the particles 
and the nature of reaction 



Fig. 10 6—Potential energy changes during progress of chlorination of 
methane. Formation ol CH» is a difficult step. 

Out of the two cham propagation steps in halogenation of 

methane 

(1) X + CH.—► HX + CH,- 

(2) CH, + X, —*■ CH»X + X- 

«t«p (1) is more difficult than step (2). Once formed, CH.’ will 
Easily react with any of the halogens. It is how fast CH,’ radicals 
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are formed th U limits the rate of the overall reaction. AH for 
this step is -“13-1, —4 2, +69 and +129'7 kj respectively. 

The ordc^ of reactivity of halogens 
f * > Clj > Br, > I| 

ean br explained m te rms of the difference in their E a tt for the 
difficult step I luorniation is very fast since fluorine atoms rapidly 
abslract li/drogr n itenns from CH 4 (E*ri=5’l kj). E ac t for chlori¬ 
nation mil hrouiMi iii vi is 1)9 and i 77 8 kj mol” 1 respci- 
uwly lodmition does not take place because for iodine atoms it 
is vntuullv impossible to abstract hydrogen from CIT 4 (i? flfl t=140 l 
KJ mol 1 ). 

Structure of Methyl Radical We have come across'a new 
<nrcirs ol lr* iadn n .. Lei us sec what is Us shape. In methyl 
radical the r-irhon atom is in a state of sjr hybridisation. The three 
*fi z nihnils it' m a plane* mutually inclined at an angle of 120°. 
These time i ibital> o\ ilap with b orbitals oi three hydrogen atoms 
to give inc il vd i idnal m wlmh carbon atom lies at the centre of an 
jinlaoral In in r h uu thicc hydrogen atonn arc at the three 
‘Oinos. LaJi bonn antde is 120°. I he odd election lies in the 
remaining } > J)ital I v mg above ar 1 below the plane of thieeap* 
oibitals (1 ig l ) 8, 




Fig 10"- Mrthvl radieal Fig 10 8—MrthvI radical showing 

showing u'lly ihe a bonds odd electron in p orbital above 

and below ihe plane of o bonds. 

Problem 5ug"i.st elo-lronic configuration to account for flic fact that BFj is 
flat, Irianguldi fn shape whtnas NF* molecule is pyramidal 

11. Carbanions -~\\V have learnt about the products of 
heicrol^si eaibrualion (R 4 ) or carbanions (R ). Due to elec¬ 
tronegativity ol carbon i carbainon is an oMiemeh Ntiong hd*r. 
i | 

- c i mi --i — c -ji + b ® 

I ! 

hven with =i mi«dc*i ue pm*on donnr, the equilibrium is dis¬ 
placed completes to tiv* light 

C ai ban ions .u * stabilised by both iniliii live and icsonanco 
effects , t gam ely charged, these aic stabilised lnductivtl} 

by electi on-withf'iaWi’ 0 t mps and lendeicd lc^s stable by electron- 
releasing groups 
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CgHfiCHa :® is inore stable than CH 3 CII 2 :® because of the 
resonance stabilisation of the former as shown below : 



Presence of >G = 0 or —C=N adjacent to the carbanion 
is particularly good at stabilising. This K because in their case 
the stabilisation due to inductive effect of the electron-withdraw¬ 
ing group is combined with resonance stabilisation as shown below • 

© 

—C—C=0 : — C=C— O : w 

||- | 

© 

—G—C=N : —C=C =N :© 

I I " 

Hence most of the carbanions wc shall conic amiss as inter¬ 
mediates will be those derived from aldehydes, ketones, esters or 
cyanides. 

A carbanion is readily formed in the reaction with a base, 

© 

B : if the carbanion is sufficiently stabilised by any of the factors 
given above. 

—C—H + B: 9 — —C : 0 + Bll 

I I 

12. Carbenes.—Garbencs are divalent carbon intermediates, 
e.gr., :GH t and :CC1 2 . Since they need a pair of electrons to com¬ 
plete their outer shell, carbcnes are likely to act as electrophiles. 
These add to a carbon-carbon double bond to give a cyclopropane. 

: CC1, -t- >C=C<->>G—C< 

\/ 

CC1 2 

Some more reactions are given in properties of carbene 
(Chapter 14). 

QUESTIONS 

Emit Type : 

1. What do you understand by the following term* . 

(/) Homolytic fission or Homolysis, 

(0) Heterolytic fission or Heterolysis, 

(Hi) Carbanion, 

(#r) Carbocation, 

(v) Free radicals or Odd electron molecules, 

(vi) Order of a reaction, 

(vtf) Rate detennining step, 

(viii) Zero order reaction ? 
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2. (a) What do you understand by electrophilic reagents and nucleophi¬ 
lic reagents 7 Give examples of such reagents. (Delhi B.Sc . Hons . 1973) 

(ft) Arrange the following carbocatjons in the order of decreasing 
stability, giving reasons for your choices ; 

CH I ©,C > H # ©,(CH i ) 1 CH©,(CH 8 ) a C0 

(Delhi B.Sc. Hons. 1973 , 72) 

3. Write a short essay on reaction mechanisms giving appropriate ex¬ 
amples of different types of reactions. 


4. Explain the terms ‘electrophilic’ and ‘nucleophilic’ reagents. Discuss 
the mechanism of the addition of (a) HI, (6) Br,, (c) HOC1 to propene. 

5. Write detailed mechanisms of each of the following reactions : 


(а) Pyrolysis of ethane. 

(б) Addition of HBr to propylene. 

(c) Addition of HCN to acetaldehyde. 

6. Make a list of four electrophilic reagents and write their actions with 
2 -metbyl-2-butene, showing the mechanism. 


7. Write short notes on : 

(a) Reactivity and selectivity. 

(ft) Stability of free radicals and carbocaiions. 

(c) Inhibitors. 

0 . Write electronic mechanisms for the following : 

(a) Dehydration of 1-butanol. 

(ft) Dirocrisation of isobutylene. 

(c) Addition of isobutanc to isobutylene. 

9. (a) What are carbocations and carbanions ? 

Explain why allyl cation is more stable than ethyl cation 7 

(ft) Give acceptable explanation for the observation that 2-chloro-3- 
methylbutanc gives 3-methyl-2-butene as main product of the reaction on treat¬ 
ment with alcoholic potash. (Delhi B.Sc . Hons. 1971 ) 


10 . “Alkenes undergo electrophilic addition reaction whereas carbonyl 
compounds undergo nucleophilic addition. Taking propylene and acetaldehyde 
as examples, explain the above statement. (Delhi B.Sc. Hons. 1976) 

It. Give the mechanism, stereochemistry and kinetics of El and E2 
reactions in alkyl halides. (Guru Na^ak Dev B.Sc. 1977 ) 

(See Chapter 17) 

Short Answer Type : 


1. Give the mechanism Tor chlorination of methane. 

(Delhi B.Sc. 1977 ; Madras 1976) 

2. Write note on : Mechanism of addition of bromine to ethylene. 

(Delhi B.Sc. 1977) 

3. Write a short note on : Homolytic and heterolytic fission of a 

covalent bond. (Nagpur B.Sc. 1;74 Supp. ; Delhi B.Sc. Hons . 1977) 

4. Write a short note on : S N l reaction. (Delhi B.Sc. Hons. 1977) 

5. What is the effect of introduction of an alkyl group on the stability 

of a carbocation ? ( Delhi B.Sc. Hons. 1977) 

6. Give mechanism of Dehydration of alcohols. 

(Guru Nanak Dev B.Sc. 1977) 

7. Give mechanism of Dehydrohalogenation. 

( Guru Nanak Dev B.Sc. 1977 ) 

t* Give the mechanism of Peroxide effect. 

(Guru Nanak Dev B.Sc. 1977 ; Jabalpur 1976 ) 
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9. Give the mechanism of alkylation of alkencs. 

(Guru Nanah Dev B.Sc. 1977 ) 

10. Write what you understand by UnimoJecuIar Nucleophilic Substitu* 

ion S N I . ( Guru Nartak Dev B.Sc . 1977) 

Bp 

11. Expla- i electrophilic addition of halogens to ethylene. 

(Jammu B.Sc. 1977 1 

12. Accost for the following : 

/-Butyl chlo ide reucis with sodium hydroxide solution by the S N 1 mecha¬ 
nism while /i-butv diloude rebels by the S N 2 mechanism. {Kerala B.Sc . 1975) 

13 Explain giving examples what are nucleophilic reagents. 

(Jabalpur B.Sc. 1976) 

14. Account foi the ubscrvation :/-but>l cation is more stable than 
Ji-but>l ration. ( CaltcuI B.Sc. 1975) 

15 Giv„* one example \\here hydrolysis of an alkyl halide proceeds 

according to unuiuiecular \S ^ J; mechanism and one example where it follows 
Bimolecular (S N ?. V riecham n . {Punjabi B.Sc. 1976 Supp.) 

16 How will sou exphun the following : Addition of biomine to an olehn 

gives a trans product (Punjabi B.Sc. 1976) 

17. Give feaion foi t 1 - following * “Isobutene on hydration gives /-butyl 

ilcohol.’* ( Madras B.Sc. 1976 Supp.) 

18, Write l short in tc v n : Mechanism of nucleophilic addition to C=0. 

(Madras B.Sc. 1976 Supp \ 

19 What produns are lormcd on dehydration of 2-Butanol ? State the 

taw which governs the elimination. (Delhi B Sc. Hons. 1976) 

20 Assign the proper charges to the following and classify them as 
'iuUeopluLes and electrophile • 

(i) : CCl, ; (iii) : CH s CHO ; (jii) H,C-NH,. {Delhi B.Sc. Hons . 1976 ) 

21. Classify carbonium ions. Give one example for each. Arrange 
them in their increasing order of stability and justify >our arrangement. 

(Andhra B.Sc. 1976} 

22. Write rotes on the following . 

(/) Iiomnlwic and bwterolytic bond fission. 

(if) Reaction of chlorine with methane and ethylene. ( Osmania B.Sc. 1978) 

23. Explain the following equations : 

Cl 2 

(/) CM-—CH CH-.- 

775K. 

OH- 

(ii) CHjCHCI.CH.CH.- 

ElOIl 

24 Discus the add it on reaction of itBr with unsvmmetrical alkene 
Discuss its mechanism. (Delhi B.Sc. Hons. 1978 ) 

25. Discus, the addition of HC1 in an *, p- unsaturated aldehyde. 

{Delhi B.Sc. Hons. ]978> 

26. Write notes on : 

(a) Caiboranons. [h) mechanisms. ( Bangalore B.Sc. 1978 ) 

27. Give an example through equation for (a) electrophilic addition 

(A) S N 1 reaction. (Osmania B.Sc, 1978) 

28. Classify the following (as electrophilic, nucleophilic and free 
radical addition and substitution reactions) ; 

/iv 

(a) CH 4 4 Cl, CH.Cl+HCl 

(b) CHjCl+NaOH -► CH,OH+NaCl. (Osmania B.Sc. 1978) 
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29. What arc carbocations ? Mention three methods of their formation 
and discuss their stability. (Andhra B.Sc. 1978) 


30. Discuss the mechanism of alkali hydrolysis of ia) Methyl bromide, 
(i b ) fref-Butyl bromide. 

Bring out clearly the essential difference between the two reactions 

[Andhra B.Sc. 1977 ) 

31. Give the mechanism of: 

(a) Addition of bromine to ethylene. [Andhra B.Sc. 1977 ; Calicut 1978) 

( b) Hydrolysis of esters using (ri) acid, (£>) alkali. [Andhra B.Sc. 1976) 

32. Give an example of rath of the following tvpes of reactions 
bringing out clearly the essential differences between them : 

to) Electrophilic substitution 

( b ) Nucleoph'hc substitution 

<c) Radical substitution. [Andhra B.Sc. 1976) 

33. Wute explanatory note Types of elimination reactions. 

(Andhra B.Sc . 1976) 


34. Explain why acetylene behaves like a nucleophile. 

(Andhra B.Sc. 1976 ) 

35. Give an example for each of the following types of reactions : 

(«) Llcctrophilic addition 

(i>) Nucleophilic addition 

(c) Radical addition. 

Bring out dearly essential difference between these reactions. 

(Andhra B.Sc. 1976\ 


36. Write mechanism that explains the course of the following reaction : 
CH a CH a CH 3 

I HCl | , 

CHj — CH—C—CHj-► CH S —C- CH —CII 3 


OH CH a Cl 

(Delhi B.Sc. Hans. 1980 ) 

[Hint. Different steps involved arc : 

(i) Proionation of Oil group. 

(ii) Loss of a molecule of water. 

(til) Rearrangement of the Carbocation produced. 

Oi) Nucleophilic attack b> Cl-]. 
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ISOMERISM 


1. What is Isomerism ?—A molecular formula is not the 
last word about an organic compound. Just as a number of entirely 
different toys can be made with the same set of parts in a Mcchano 
for children, the same set of atoms can be arranged in a number 
of ways to give more than one organic compounds. For example, 
C a H 1o is the molecular formula for butane. However, the 4 carbon 
atoms can be arranged in two different ways (in a straight or bran- 
chedjchain) as given below : 


H H H H 

i i i i 

H—C—C—C—C—H and 

H H H H 


H H H 

I I I 

II—C-C-C—H 

I I I 

HH—G—HH 

I 

H 


or 

H,C—CH,—CH,—CH S 

n-butane 


CH»—CH—CH, 

I 

CH, 

Isobutane 


Thus C 4 H 10 is the molecular formula of two different com¬ 
pounds n-butane and Isobutane. 


Various organic compounds represented by the same molecular 
JormvXa art called Isomers or Isomerides while the phenomenon is 
termed Is merism. 


2- Types of Isomerism.—Two common types of isomerism 

are : 

(1) Structural Isomerism. When two or more compounds 
possess the same molecular formula but different structural formulae, 
they are said to exhibit structural isomerism. 

(2) Stereoisomerism. Isomerism shown by compounds like 
lactic acid and 2-butene could not be explained easily. Here the 
isomerides have identical molecular and structural formulae and yet 
show isomerism. Such cases are, however, explained on the 
assumption that the different atoms, present in the molecule, occupy 
different positions in space. Thus different space models can be 
constructed to represent such isomerides. 

The phenomenon exhibited by two or more compounds with the 
same molecular and structural formulae, but different spatial arrange- 
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wmte of atoms nr qr in is twined sUnounmen^m The teim was 

coined by\iclor M«vu in JoJJd fiom tin Giuk woul sttros meaning 
solid 

STRUCIURM 1SOMIR1SM 

3 Structural Isomerism Smutiu ll i^onuns chfTi r m 
ananp' in* ii r o* 4 hu aum This difh m in e mav bt due to til” 
ddhremt m tlu i <d < ham of tailton ,itom whm the struct u- 

ial isonvMi m i ?m d (ham isoin^i^m It may al o anse from 
the hlli n w 'k 7'f ih« simr ubstilum in the same chain 
when de nidi 1 * 1 i uu ii 'stalls 1 /* i/u m. Thus 

drp<nhnp n, f i J m *t ui e oi diilueuct m stnutmo, stuutura! 

1 onu k^iii it i 1 1 < t ) h lluu m*; tvpi 

{{) Chain or Nmbar Isomerism \s stated before 
v butai i an 1 » i un a**» two'Mi tuialisonnu of butane t^H 10 
XIk <Jh ;mic r ! * uni r i die to tin* dilh eie i, fh< ratuir 

of tauwi it i \r In , -hnlaii it sa ti u”l J t ham whrieai 

m isotmiaiit f i 1 i i i hi 1 iham 

] L* e un- k im i .iniU’ii p\\ f i n below ui also t iiain isomers. 

u) }i,c u ! ciii-rn, -cn, , 

i m nt v uii"/ji c fi i*/r Cl I* 


(*<» I 


A1 

i 


n 


rn, 

i >peti title 
(li l ,< / u/i 

on* t t n r ji ,(in atom 


(tv) h,c c -c:ii 3 


c:if 


3 


nt. open tane 

(fi'anched i Lain \uth onr 
tiUattrnary carbon atom ) 


f 9 ) Posilioo Isomerism ho t t t\w/i mlil.'u d by diffr *■ • 

osi^rmof <7 >n ' /it n n m ui* ,s s/m frrwd fwmfion 

/? 


Toi example 

CM, i il CHJ and CH 3 Oil CH,. 

n pr *p^I lodid isoprnpvl iodide 

ur 1 lodepTupme cr 2-iodopropanc 

oth have stiarjn i uain formulae but diffcr m the position of the 
alo^eu alon whn h • Imbed with the uul c.itbin atom in the fust 
Lse and will tl < mi hih rarbon atom in fin otlu i 
Similar 1 

CfV-CH -( 11 -Oil, xn(] CJI, -CH-Cd l-CH a 

1 IUHuK Z ButLTK 

dh have strai r ht c hi* n fmmulao but ddhi m the position of the 
)uble bond 


O) Functional Isomerism Monohvdnc air oliob ai v uomenc 
th ttheis, the wm r d formulae foi butl oJ these bum; C n H 2 n 4 2 Gh 
ms etlunoi (\lf/)J[ is lsommt with dnaetbyl cthn, CH 1 C).CIIj 
1 piopanoU Cjl 1,011 i^ isomeiic with ethvl methyl ethei, 

n 6 o.u h 3 r 

This tvpe ol nomeiism due to the pnscnce of difierent 
ctional groups is called Functional woirten^m and hie isomers are 
mtd as Functional i^omera. 
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Ii 
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Form I is constantly changing into the form II and vice, verm* 
Thus it is a dynamic isomerism caused by the wanderings of a labile 
hydrogen atom which oscillates like a pendulum between two poly¬ 
valent atoms—carbon and oxygen. 

Form I contains a keto group (> C=0) and is termed keta 
form. Form II is called enol form due to the presence of an enol 
group (C^* C —OH). Enols are compounds containing a double 
bond (C=*C) as in alkenes and an OH group as in an alcohol. It 
is, therefore, known as ketoenol tautomerism. 

(in) Cyanic acid exhibits tautomerism and occurs as 

r i 

H—O—C=N ^ 0=C=N-H 

Cyanic acid gives Iso cyaiJic acid 

rise to cyanates gives rise to iso-cyanates 

Thp labile hydrogen atom oscillates between the polyvalent 
atoms—oxygen and nitrogen. 

Difference between Tautomerism and Resonance. Tauto- 

merisru should be carefully distinguished from resonance as there is 
no point of similarity between the two. Some of the important 
points of diffi tenco between them can be enumerated as under : 

(i) Tautomrr r involved m tautomerism arc definite compounds 
whereas canoiofal forms of a resonance hybrid are only hypotheti¬ 
cal and do not actually exist. 

(u) Tautomerism involves the wanderings of a labile hydrogen 
atom between two polyvalent atoms. Thus tautomers differ in 
atomir arrangement < >n tin* other hand, contributing structures of 
a resonance hybrid have identical atomic arrangement. These differ 
only with respect to plarement of electron on different atoms. 

(in) Tautomeis are m dynamic equilibrium with each other 
shown by (=f^) sign between them. Since canonical forms of a 
resonance hybrid aie only hypothetical, question of existence of any 
dynamic equilibrium between them does not arise. Resonance i* 
indicated by a double arrow (*■*) between its contributing 
structures. 

(»r) One oi the requisites for resonance to occur is that the 
molecule must be planar whereas there is no such requisite for 
tautomerism. 

(v) Resonance is accompanied bv increase in bond length of a 
double bond and shortening of a single bond while tautomerism 
does not involve any change in bond lengths. 

(in) Resonance results in stabilisation of the molecule by lower- 
ing its internal energy. There is no such effect m the case or 
tautomerism. 

CONFORMATION 

4. Rotational Isomers or Conformations. —Construct a 
ball-arid-stick model of ethane molecuic, OH<j—CHj. You find two 
CH a groups are joined by a stick. If we allow one CH a group to 
rotate about this stick, wc find that an infinite number oT atomic 
TOC—1-2*83-12 
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arrangements are possible depending upon the angles between two 
planes, one defined by a designated *C,—H bond and the CL—C, 
mud and the other defined by a designated CH bond and the 
—C* bond. This angle is termed the Dihedral ancle m the 
angle of torsion. 

Molecules capable of forming isomers by rotation about a single 
bond arc termed flexible molecules and the isomers which 
diner only by rotation about one or more single bonds are termed 
rotational isomers or conformations. 

T*y° extreme arrangements or conformations are shown ia 
fig- 1 rl'and are known as the eclipsed and the staggered confer- 

£ 4 ' 

eclipsed staggered 

Fig. 11*1—Two rotational isomm or conformations of ethane. 

tnations. Look at the models in such a way that the back carbon is 
exactly covered by the front carbon and not seen. In the eclipsed 
conformation the three hydrogens attached to front carbon are 
exactly in front of those attached to the back carbon. In the 
staggered confoimation ail the six hvdiogen atoms are clearly seen 
and appear symmetrically situated at maximum possible distances. 

It has not been possible to separate the eclipsed and staggered 
conformations. This is because in ethane molecule there is free 
rotation about the single bond joining the tw > carbons. It is 
that free, or at least rapid, i DUUon is possible around all the single 
bonds. Exceptions are only those molecules with very large groups 
attached which cannot pass by one another or when these are 
connected together by chemical bonds. For example, two forms of 
CHBr,—CHBr* have been isolated at low temperatures. Collisions 
between molecules at low temperatures do not provide enough energy 
for interconversion. 

However, in 1937 it was found experiment ally that the entropy 
of ethane is somewhat lower than that calculated on the assumption 

that there is free rotation of methyl gioups about the central C_C 

bond. This implies that there is somewhat reduced freedom of rota* 
tion- Subsequent experiments have confirmed that staggered form 
of ethane is more stable than the eclipsed form which Is 
associated with more energy ( = 126 IJ mol' 1 ), 

♦Here C, indicates the carbon atom of the front CH» while C* indicate! 
the carbon atom of the hind CH S . 4 w 
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Let us understand why staggered form is more stable. When 
two unbonded atoms are brought closer they attract each other and 
the force of attraction is termed van der Waals forces. However, if 
these atoms are forced still closer together, they tend to repel each 
other. This repulsion is called nonbondcd interactions. It 
raises the energy of the system and makes it less stable. In the 
staggered conformation the hydrogen atoms are as far apart as 

possible (intemuclear H—H distance=3*1 A) and non-bonded 
interactions between them are, therefore, minimum. The inter- 

nuclear H—H distance in the eclipsed form is only 229 A. Since 
the hydrogen atoms are closer here, the increased overlap between 
the non-bonded orbitals is repulsive. The magnitude of this 
repulsion per pair of hydrogen atoms is, however, small 
(=4 2 KJ mol" 1 ). 

Ball and stick models are quite helpful for visualization of the 
relative positions of different atoms of these rotational conformations 
in space. Unfortunately, it is rather difficult to visualize the same 
from drawings in two dimensions. Some sort of abbreviations are, 
therefore, necessary. Two such abbreviations used for representa¬ 
tion of c informations are : 

(») Sawhorse drawings. This is a three-dimensional 
convention which is simple and quite easy to draw. In these drawings 
we consider that we are viewing the molecule slightly from above and 
from the right and the lower left-hand carbon is always taken to be 
towards the front. Sawhorse drawings for staggered and eclipsed 
conformations of ethane are given in Fig. 11*2. 



staggered eclipsed 

Pig. 11*2—Sawhorse convention for showing staggered 
and eclipsed conformations of ethane. 

(ii) Newman Projection formulae. In a Newman projec¬ 
tion we view the C—C bond end on. The nearer carbon is represented 
by a point while the bonds linking the three other groups attached 
to this carbon are represented by three lines radiating from this point. 
The carbon atom situated farther away is represented by a circle 
and its three bonds represented by three lines radiating from the 
edge of the circle. Newman projections for the eclipsed and staggered 
forms of ethane are given in Fig. 11 '3. 

A look at the projections will show that a rotation of the front 
CH* group by 60° about the C—C axis converts the staggered 



ri8o 


UKUAN1U CHEMISTRY 


conformation into the eclipsed one. If the rotation is continued 
further by another 60°, a new staggered conformation results. 




staggered eclipsed 

Fig. H'3—Newman projections illustrating the staggered 
and eclipsed conformations of ethane. 

Similarly, if the rotation is continued still further bv 6(T, a new 
eclipsed form is reached. Thus every time a staggered form is 
reached, potential energy of ethane decreases to minimum and again 
increases to maximum when the eclipsed conformation is obtained. 
A plot of potential energy of ethane versus degree of rotation of 
front CH S group for one complete rotation of 360° about the C—C 
bond is shown in Fig. 11*4. 



Fig. 11’4—Change in potential energy of ethane with degree of 
rotation about the C—C bond. 

Thus there is an energy barrier of 12*6 kj mol- 1 in 
from one staggered conformation to another by rotation about the 
C—C axis. 

In propane the energy barrier to rotation is slightly higher 
(-“14*2 kj mol' 1 ). Its most stable staggered conformation is shown 
In Fig. !P5. 



(«) Sawhorse drawing . (b) Newman projection 

Fig. 11*5—Staggered conformation of propane. 

Between these two conformations there is the less stable skew 
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fatal. For example, in case of 1, 2-dichloroethane there are four 
conformations represented as under : 


a— 

r\ 

Trans or 
Staggered form 
{Most Stable) 




Gauche form 
(Less Stable ) 


Eclipsed form 
f Less Stable 
than Skew) 


Fully eclipsed 
form 

(Least Stable ) 


Fig. 11*6—Four conformations of 1,2-dichloroethane. 


Although these conformers (conformation isomer^ cannot be 
separated, they have been detected by infrared and Raman spectra. 
Similarly, various conformations of n-butane obtained by 
rotating C a or C 3 through 360° in six steps (60° each time) are given 

below : 



CH 9 

Completely staggered 
or Anti form (1) 


Eclipsr-d form 
(II) 


Skew or Gauche form 

(III) 



Fully eclipsed 
form (IV) 


Skew or Gauche 
form (V) 


Eclipsed 
form (VI) 


Fig. 11-7—Conformations of n-butane. 


The energy changes taking place during rotation of C 2 or G t 
about Cj—Cg bond resulting in the various conformations are shown 



60 1 20 160 240 300 360 

QtHE OR *1 ANGLE tN DEGREES -► 

Fig. 11*8—Potential energy of butane as function of dihedral angle. 
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in the potential energy curve aganist the dihedral angle in degree# in 

Kg* If®- . 

The fully staggered form I is the most stable. It ts ^ slightly 
more stable than the skew or Gauche forms (III and V), difference 
of energy between them being 3 0 kj mo) - * 1 . Potential energy of 
eclipsed form (II and V) is 14*6 kj mol- 1 and that of fully eclipsed 
form (IV) is 18*4 kj mol 1 . 

These conformational isomers differ from one another only in 
spatial relationships of various atoms and are, therefore, a kind of 
stereoisomers. The two gauche forms (III and V) are termed eon- 
fomuiri on a 1 enantiomers. The staggered form I^ and the 
gauche form (III or V) are termed cnoformatonal diaatcreo- 
mers (seepage 195). 

5. Conformations of Cyclohexane. —Two conformations 
of cyclohexane are shown in Fig. H'9 and are termed chair or ‘Z 
conformation and boat or 'O’ conformation. 

Inter con version of these two conformations involves only 
rotation about the carbon bonds but since the intermediate confor¬ 
mations through which the molecule passes are strained and 
hence less stable, there is an energy barrier between the two 
conformations though very small. 



Chair or 'Z' Conformation Boat or 'C Conformation 

Fig. 11-9—Conformations of cyclohexane which are free of strain. 

Chair conformation has been found to be more stable than 
the boat conformation by about 29 kj mol" 1 . A look at the model# 
of the two conformations will reveal that in the chair conforma¬ 
tion the hydrogen atoms are staggered whereas in the boat 



Chair conformation Boat conformation 

Fig. ll p 10—Molecular models of chair and boat conformations. 
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conformation five pairs of hydrogen atoms approach each other 
closely. Repulsion between hydrogen atoms of each pair lowers the 
stability of boat conformation. Thus the difference in stability 
of the two conformations is due to crowding among hydrogen 
atoms of the boat conformation which results in non-bonded 
interaction (see page ) 74), 

-STEREOISOMERISM 

6. Stereoisomerism.— Isomerism exhibited by two or more 
compounds with the same molecular and structural formulae, but differ¬ 
ent spatial armng'merits of atoms or groups is termed stereoisomerism . 
It is of two types : 

(1) Optical Isomerism. See page 1S9. 

(2) Geometrical Isomerism. Examining the structure of 
2-Butene we find that its atoms can be arranged in two different 
ways I and II. In I two CH a groups lie on the same side of the 
molecule while in II these lie on opposite sides oF the molecule. 

Convcision ol I into II will involve rotation about the carbon- 
carbon double bond which is a combination of one u bond and one n 
fcond. The tt bond is formed by (he lateral overlapping of p orbitals 




I II 

cis-2 Butene ( b.p. 227K) rrans -2-Butene ( b p . 274JC) 

Fig. 1 I'll— Space models of two r-Dmielhylethylenes 
or 2-Butenes {Geometrical isomers). 


which lie above and below the plane of a orbitals. To pass from 
structure I to II, the molecule must be twisted so that p orbitals no 
longer overlap and the n bond is broken tt 
( see Fig. in2) H 

167*2 kj of energy are required for 
breaking a it bond and an insignificant 
number of collisions possess this much 
energy. Hence interconversion of I and 
II is extremely small, i.c., rotation 
about the carbon-carbon double bond is 
hindered on account of this 167*2 kj 
energy barrier. As a result of this 
hindered rotation the positions of diffe¬ 
rent groups attached to the two carbon 
atoms are fixed jn space. 



Fig. 1112*~Hindered rotation 
about carbon-carbon double 
bond. Rotation would prevent 
overlap of p orbitals and would 
result in breaking of a bond. 
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ft* isomerism dw toftfr _ in spatial a rrmfemsmt s at 
group* about the douhtg banded carbon atoms ts called Owmetilill 
Isomerism. The isomer in which the similar groups lie on the 
same aide is called the cis isomer (Latin, cis—on same side) and the 
Other in which the similar groups lie on the opposite sides is called 
the transisomer (Latin trarwr=across). Due to these cis and from iso* 
mers, geometrical isomerism is called CSa-Trana isomerism. 

H—C—CH, H—C—CH, H,C—C—C.H, H,C—C—C,H» 

hh )| | 

H—C—CH, H,C—C—H HsC—G—CgHf — CH§ 

Of Trans CJa Tram 

Dime thyle thyle ne s Diethyl dimerhyJethyJenei 

(Geometrical isomers) (Geometrical homers) 

Some other examples of compounds exhibiting geometrical 
isomerism are : 


(t) Isomerism of Maleic and Fumaric Acids. Both 

maleic and fumaric acids have the same molecular formula, C 4 H 4 0|. 
They differ in most of their physical properties and in some of their 
chemical properties. 

Originally, they were thought as structural isomers and were, 
therefore, assigned different names. Later on it was shown that these 
are not structural isomers. They resemble in most 
of their chemical properties, e.p., reduction, addi- CH.COOH 
tion reactions, oxidation and formation of salts, or || 
esters. Thus both acids have the same structure, CH.COOH 
as given in the margin. 

On the assumption that no free rotation is possible about a 
double bond, van’t Hoff suggested that two spatial arrangements 
{Geometrical isomers) are possible for the above formula. These are : 
H—C—COOH H—C—COOH 


II II 

H— C—COOH HOOC—C—H 

Cis Trans 

Maleic acid which gives anhydride on heating is the cis variety 
and fumaric acid is the trans variety. Thus, we find that maleic and 
fumaric acids show Geometrical isomerism . 

In the tetrahedral models, van’t Hoff represented the double 
bond by placing the two tetrahedrons edge to edge (Fig. 11 • 13). 



Fig. 11'13—Tetrahedral models for maleic and fumaric adds. 

. (") Geome t rical iipmerism off oiimes. Just as two 
carbon atoms joined by a double bond (C*C) cannot rotate freely, a 
carbon atom and a nitrogen atom joined by a double bond (C-®N) 
ate also not capable of rotation. The positions of various groups 
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jW Md to C—N therefore, find In spin tad tit 

axhibit geometrical isomerism. Thus toe akkntime fro*" hi yde 
(CJfHsCHO) exhibits geometrical iso and the two isomers 

have actually been isolated. These are : 


CA-C-H 

II 

bH OH 

a-Benzaldoxlmc 
(syn-form—m.p. BOSK) 


C.H,—C—H 

I 

HO-N 

g- Bcnza l do x imc 
(antUform —m.p, 303K) 


The isomer in which the H and OH groups are on the 
same side is termed cw- or syn- while the other in which H and 
OH groups are on the opposite side is termed itans - or anti-. 


Curiously enough the anti - form loses water more readily than 
the syn- variety when heated with acetic anhydride and phenyl 
cyanide (C fl H 4 CN) is produced. 

Properties of Geometrical Iiomers. There is appreciable 
difference in the physical and chemical properties of the geometrical 
isomers. For example, melting point and stability of the cis isomer 
are lower than those of the trane isomer while its boiling point, 
solubility, density, dipole moment, refractive index and heat of 
combustion are higher. Cis-isomer of a dicar boxy lie acid on heating 
readily loses a molecule of water to form the anhydride. 


H—C—COOH A H—C—CO v 

II -* II >0 + H.O 

H—C—COOH *00K H—C—CCK 

Maleic acid (cis-) Maleic anhydride 


Under suitable conditions application of heat, UV light 

or catalysts), geometrical isomers may be converted into each other. 
For example maleic acid changes into fumaric acid on heating above 
its melting point. Similarly 2-butenes isomerise on heating. 

H—C—CH S 675K H—C—CH, 


H—C—CH a H a C—C—CH 

ci'j-2-Butene /raiu-2-Butene 

OPTICAL ISOMERISM 

7. Polarised Light.—According to the wave theory an ordi¬ 
nary ray of light is considered vibrating in all planes perpendicular to 



Unpolarized tight Polarized light 

Pig. 11*14—Unpolarized and polarized Fig. 11*13—Polarization of Ughl, 

ugh*. 
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its path of propagation. On passing a beam of monochromatic light 
(s.p., yellow light from a sodium flame) through a crystal of Iceland 
spar or tourmaline, it splits up into two beams each vibrating in one 
plane only. The two rays formed have different refractive indices. 

If a crsytal of calcite is split along one of its natural axes, and 
then the two halves are cemented together with Canada balsam, the 
emerging ray of light will be vibrating only in one plane. The ray of 
monochromatic light on passing through the first half is split up into 
two rays each vibrating in one plane only. One of the two newly 
formed rays suffers total internal reflection while the other passes on 
straight. 



Fig. lri6—Polarization of light with s Nicol prism. 

The split crystal is called a Nicol prism* and light, whose 
vibrations are in one plane, is called polarized light. Suppose 
vibrations of a plane polarized light are taking place in the horizontal 
plane only then the vertical plane is termed the plane of polarization. 

It is interesting to note what happens when a plane polarized 
tight is passed through another Nicol prism. If the axis of the second 


P 


Q ^ORDINARY 
'*** LIGHT 



POLARlSER 


PLANE POLARISED U6HT 


A 



ANALYSER 



Fig. IT 17— Passing plane polarized light through another Nicol prism. 

light readies the eye when axes of P and A are parallel and no light 
reaches the eye when these are at right angles. 

Nicol prism is parallel to that of the first, the polarised beam of light 
posses through and reaches the eye. If, however, the axis of the second 
Nicol prism is at right angle to the axis of the first, the polarized 
tight is totally cut off due to total internal reflection and no light 
reaches the eye. In all intermediate positions of the second Nicol 
prism the polarized light is partially transmitted. Thus light of vary¬ 
ing intensity reaches the eye. The second Nicol prism A is called the 
Analyzer. 

8. Optical Activity.—Place two Nicol prisms between the 
source of monochromatic light 8 and the eye. Light passes through 
the first Nicol prism, the polarizer (P) and gets plane polarized. This 
plane polarized light passes through the second Nicol prism, ike 
mwlyoer (A) and reaches the eye. No light reaches the eye when the 

*Ntol prism is obtained by combining tw o prims of kebmd sper suttabtv 
coffer the purpose. It is so turned after die mams of William Nicol of BdWbdgh. 
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axil of the analyser is perpendicular to the axis of the polarizer. 



Fig. H '18—Plane of polarization of plane polarized light is 
rotated by cane-sugar solution. 

Now arrange the polarizer and the analyser for no light reach* 
ing the rye. Interpose a tube (T) filled with cane-sugar solution 
between the polarizer and the analyser, some light is visible. The 
analyser has to be rotated a little in order to get the original position 
of no light reaching the eye. 

What has happened which m ide light visible on the right ? 
Neither the polarizer nor the analyse r has moved. This is possible 
only if the plane of polarization is lotated. This shows that cane- 
augar solution has rotated the plane of polarization. 

Substances of the type of cane-sugar which can rotate the plane 
of polarization of light are called optically active while the pheno¬ 
menon is called Optical activity. Substances which rotate the plane 
of polarization of light towards the right are called dextro-rotatory 
whereas those which do so towards the left are termed laevo* 
rotmtory. 

The instrument used for measuring the angle of rotation of a 
plane polarized light is called a poUirim^eter . It has been found that the 
magnitude of rotation dejiends on a number of factors. For example, 
(i) Nature of the compound. 

(u) Concentration of the solution. 

(tit) Thickness of the layer traversed by polarized light. 

{iv) Nature of the solvent. 

(v) Wavelength of the light used. 

(oi) Temperature of the solution. 



Fig. 1119—•Polarimeter.* 


"Refer to toy book on Physical Chemistry for construction and working 
fti« polar footer. 
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The rotatory power of a given solution is usually expressed as 
•pacific rotation —angle of rotation (a) produced by one decimetre 
length of solution having one gram of the substance per cm*. The 
measurement is carried out at temperature T kelvin using sodium 
light (the D line). 


Specific rotation» 


100 X Observed angle of rotation, 0 


Length in decimetres X Grama of substance 



present in 100 cm* of solution 


Molecular rotation is the product of specific rotation and mole 
cular mass. 


9. Optically Active Substances. —Optically active substances 
first discovered were all inorganic substances, e g., quartz, some rock 
crystals, etc. Later on it was found that crystals of potassium chlo¬ 
rate, potassium bromate and sodium periodate were also optically 
active. Optical activity in their case is due to their crystal structure 
and disappears as soon as the solid is fused or dissolved in a solvent. 
A few organic compounds also show optical activity due to their 
crystal structure only, e.g., benzil (C B H«GO.CX).GtH a ). 

In 1815 Biot observed for the fifst time that certain organic 
compounds like sugar, tartaric acid, camphor and turpentine were 
optically active in the liquid or solution state. 

It has been found that in order to exhibit optical activity, a 
compound must be chiral (possess handedness, from the Greek 
word cheir meaning hand). Your left hand is a mirror image of the 
right hand and the two are not superposable. It is a chiral 
object. A chiral molecule can be defined as one that is not super¬ 
posable on its mirror reflection . 

Compounds which are mirror images of each other and 
arc not superposable arc termed enantiomer* (from the Greek 
words : Enantio **opposite ; 3feroa=part) and the phenomenon is 
described as enantiomeriam. Enantiomers resemble each other in 
physical properties except that they rotate the plane-polarised light 
in opposite direction. 

Organic compounds exhibit the property of enantiomerism 
only when their molecules are chiral. Most chiral compounds have 
a chiral centre which is an atom (usually carbon) bonded to Jour 
different atoms or groups. 


The moment any two of the four atoms or groups become 
identical, the carbon atom is no longer chiral and optical activity 
disappears. For example, lactic acid is optically active while glycollit, 
propionic and isobutyric acids are not optically active. 

CH, H CH, CH, 

HO—C—H ; HO-C—H j ; CH,—C—H 


COOH 


HO-C-Hj 

COOH 


COOH 


CH,—C—H 
COOH 


Lactic add Glyeollk Propionic laobutyria 

( Contain* a add . add add 

chiral (Ac not contain chiral carton atoms) 

carton atom) 



stereochemistry 


vm 


Iso-valeric acid and tao-arayl alcohol both contain a chiral 
carbon atom (shown black) and are optically active. 


CH,v 

>C< 

c,n b coon 

-so-valenc acid 


GH :i v y,l\ 

C.H/ XM.OH 

iso-amyl alcohol 


10. Symmetry Elements tad Chirality . —Chiral mole¬ 
cules can be recognized by the presence of a single chiral centre. 
Anotner method f-r the same is to l ook for the presence or certain 
symmetry elements. For example, molecule will not be chiral if it 
possesses (t) a plane of symmetry designated by o, (it) a centre of 
symmetry (symbolised by i) or (tit) any n-fold (where n is an 
even number) alternating axis of symmetry (symbolised by Cn or 
S*). The latter two elements of symmetry are beyond the scope of 
this book and we will depend only on our ability to recognize the 
presence or absence of the plane of symmetry to decide about the 
existence or non-existence or chirality in most of the molecules we 
come across. 


A plant which divides an object into two identical halves is called 
plane of symmetry. A ball can be divided by a plane into two 
identical halves. It is a non-chiral or achiral object. No plane 
can divide a hand into two identical halves, i.e., it has no plane 
of symmetry. It is chiral. 



(chiral) (achiral) 

Fig. 11*20—Chiral and achiral objects. 


A teddy bear may be a chiral object or an achiral one 
depending upon its stance, as shown on the next page. 

Asymmetric mad Chiral molecules. The term asymmetric 
denotes absence of any symmetry. An object or molecule is 
asymmetric if it has no element of symmetry (», 0 , Cn or 5«) 

The term cWml (handedness) denotes absence of all sym* 
mttry except (Cn) where n > 1 . This a4bld axes of symmetry 
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term has been adopted to define the structural features essential 
for a substance to oe optically active, 


All asymmetric molecules are chiral. However some sym¬ 
metric molecules are also chiraJ when their symmetry is limited 
to their rotation axes (Cn). Hence a chiral molecule may not 
necessarily be asymmelric. Chiral objects are also called dissy- 

metric. Substances 
which are not 
chiral are termed 
achiral 

11. Optical 
Isomerism.— 

Optically ac¬ 
tive substances, like 
lactic arid, are 
found to exist in 
three or more iso¬ 
meric forms These 
isomers resemble 

one another in their chemical reactions and most of their physical 
properties but differ in their optical properties, e g., in fheir behaviour 
towards polanrrd light. The corners aie called optical isomers whereas 
the phenomenon is known as optical isomerism. 




Teddy pointing 
Chiral 


Teddy sunbathing 
Non chiral or arhiral 


To explain the existence of optical isomers Le Bell and van’t 
Hoff assumed in 1874 that tfir carbon atom lies at the centre of a 
regular tetrahedron towards the four cornera if which its four valency 
bonds are directed This view has further bem supported by X-ray 
studies. I our different groups or atoms attached to a carbon atom 
give rise to optical activity. Optical tsoniensm is due to different 
spatial arrangement of those four different atoms or radicals m the 
molecule. 


12. Optical Isomers of Lactic Acid. —Thus spatial arrange¬ 
ment of various groups in lactic acid can be represented in two ways 
(Fig. 11"21). These two models are not superimposable and arc related 
to each other like an object and its mirroi image or the right and 
the left hand. 

A third optically inactive variety results when the dextro - and 
the laevo’ varieties are present in equal quantities. It is called 
Racemic mixture or (±) lactic acid (Latin, racemic** mixture of equal 
components). 

Now we can account for the existence of three lactic acids ; 

(*) dextrodskctic acid (m.p. 299K), 

(t|) laevo-lzctic acid (m.p. 299K), and 

(iti) racemic-lactic acid (imp. 291K). 
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In a projection formula the chiral carbon atom is under¬ 
stood to be located where the lines cross. Chemists have agreed that 
in such a diagram the horizontal line* represent bonds coming towards 
us out of the plane of the paper , whereas the vertical lines represent 
bonds going away from us behind the plane of the paper . 

In testing the superimposability of tw o of these flat, two-dimen¬ 
sional re pr esentations of three-dimensional objects, we may slide these 
formulae or rotate them but must not remove them from the plane qf 
the paper, 

13. Optical Isomers of Malic Acid.—Malic acid molecule 
contains one chiral carbon atom and due to this exhibits 
Optical isomerism. It exists in three isomeric forms—dextro, laevo 
and racemic. Malic acid obtained from natural sources is laevo. 
Synthetic malic acid is racemic or (±). Dextro-malic acid 
can be prepared by careful reduction of dextro-tartaric acid with 
concentrated hydriodic, acid. 

CHOH.GOOH 2H1 CHOH.COOH 

CHOH.COOH GH*.COOH 

dec f re-tartaric acid rfmro-maiic acid 

Dextro-malic acid may also be obtained from the isomer 
by means of Walden inversion [see page 202). 


OH OH 



Fig. 1123 —Optical isomers of Mahc acid. 


14. Optical Isomers of Tartaric Acid.— Tartaric acid has 
two chiral carbon atoms each linked to the same four different 
group* **»*, —OH, H, —COOH and —CH(OH)COOH. 

The spatial arrangement of various groups in tartaric acid dm 
bo represented in three ways. 
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Corresponding to those different spatial arrangements, tartaric 
acid can exist m different forms (all of which are known) as given 
below. 

(t) dextroTmrtnric acid which rotates the plane of polarisa¬ 
tion of light to the right. The rotation due to the upper half is 
strengthened by one due to the lower half. It has no plane of 
symmetry. 

Acid obtained from natural sources, e.p., tamarind and gr a pes^ 
is of dextro- variety. 

[U) laevo-Tartaric add is a mirror image of the above and 
rotates the plane of polarization of light to the left. Here again 
rotation due to the two halves is superimposed. This also baa no 
plane of symmetry. 

It does not occur in nature and is prepared by resolving the 
racemic acid. 

(itt) racemic-Tartaric add is a 50-50 mixture of the above 
two varieties and is hence inactive. It can, however, be resolved 
into the active constituents, viz., dextro - and luevQ’Varietie*. It is, 
therefore, inactive by external compensation 

Synthetic acid is always inactive being either racemic or a 
mixture of racemic and the meso- varieties given below. Racemic 
acid mixed with meso- variety is also obtained when dextro- or laevo- 
acid is heated with water at 443K in a scaled tube or when boiled 
with concentrated caustic soda solution. 

(tv) meso-Tartaric add is the inactive variety as the rotation 
of upper half is compensated by the rotation due to the lower half 


CDOU COOK COOH 



dextro - or {+) laevo- or (-) me$o- 

Or 



i nit 
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(bring m opposite direction). It cannot be resolved into active 
constituents. It is, therefore, inactive by internal compensation. 
Unlike dextro* and laevo-varieties it has a plane of symmetry. 

It does not occur in nature. It is, however, obtained along 
with racemic mixture by different methods given above. 

Various physical constants of the isomers are : 


M. Pt. 

Density 

l«o 

Crystal 

form 

Solubility 
at 29BK 

443K 


+«• 

prisms 

139 

44 SK 


—12* 

prim 

139 

479K 


0 

itatt 

20b 

41 IK 


0 

pUte. 

123 


15. Optical Inomera of Substituted Alienee. —Possibility 
of enantiomerism in substituted allenes of the type abC^C^Cab 
was recognised by van't Hoff as early as 1875. It was, however, 
verified experimentally only in 1935, 

In a substituted allene having cumulated double bonds, the 
two n bonds are perpendicular to each other (Fig. 1T25). The 
four substituents abob attached to the allenic carbon atoms lie in 
intersecting planes and the two structures I and II are non-super- 



Fig. 11*25—ic bonds in allene are 
perpendicular to each other. 


These two molecules (object and its 
mirror image) being non-super impos- 
able are chiral even though they 
do not possess a chiral centre. 


impotable. These being related to each other as object and mirror 
image are enantiomers. Chiral axis in I and II can be represented 
by two arrows as follows : 


CHIRAL 
AXIS 

I 

CCWFIGURATfON 



/ t CHIRAL 
V AXIS 



1<. Bp«dflc«d on mfCm&gmmtim,~*The arrangement of 
OuA eiametermt a particular stmo-ieomcr U coifed in cm. 
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figuration. Using the test of «uperimpombility, we c on c h J e that 
there are two stereo-isomeric lactic acids as given on page 190. One 
rotates the plane of plane-polarized light to die right and is named 
dextro or (+). The other which rotates the plane of plane* polarised 
light to the left is termed laevo or (—) . Does the (+) isomer ham 
configuration I or II ? How to assign configuration and how to 
specify a particular configuration in some simple and convenient way 
without drawing its picture ? 

(e) Dee(D) and Ell(L) Notation. Since it is convenient to 
designate the configuration of a molecule by a symbol, a system 
involving letters D and L was adopted for the purpose. The standard 
chosen for relative configuration of carbohydrates was glycer- 
aldehydc. Absolute configuration of (+)■ and (—)-glyceraldehyde is 
known to be : 


mo 

j 


OH 

6iym 

(+)-glyceraldeliydc 
I 


WO 

CHgOH 

(—l-glycenldehydc 

n 


Glvceraldehyde (I) with OH group on right side of the mole¬ 
cule is denoted as D-glyceraldehyde while the other (U) with OH 
group on the left side of the molecule is termed L-glyceraldehyde. 
The system may be extended to other optically active compounds 
with some additional rules. 

For hydroxy acids the convention is to draw the molecule with 
carboxyl group at the top. (—)-Glyceric acid and (—)-lactk add 
have the same absolute configuration as D-glyceraldehyde, so they 
both belong to D family. 

COOH COOH 

H—A—OH H—A—OH 

CHjOH Ah, 

D-f-MUgmk add o-(->-Lactie add 

All naturally occurring a-amino- adds have a configuration 
with —NHagroup on the left side and by analogy to L-glyceraldebyde 
belong to Eu(L)-fiunily irrespective of their direction m which they 
rotate the plane of polarised light. 


COOH 
HJJ—i—H 

<L 

l-{+)-A lanine 


COOH 

H^N-cS—H 


To decide the configuatkm of any given molecule proceed as 
fallows; 
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(0 Hang it from the most oxidised carbon atom. For 
example, in glyceraldehyde keep CHO group at the top. 

(<0 The group with carbon atom forming a part of chain is 
to be kept away from you. For example, in glyceraldehyde group 
CH|OH will be at the bottom. 

(Hi) The remaining two groups should be projecting towards 

you. 


Now if the OH or NHs group is towards your right, it has 
the ^configuration and if it is on your left, it has the {.-con¬ 
figuration. 


E x p erimental Correlation of Configuration. It is impor- 
taut to understand how we relate the configuration of one optically 
active compound with another of established configuration. We 
shall illustrate it by transformation of D-(+) glyceraldehyde into 
D-(—) lactic acid. 


CHO CCOH COOH 

H—C—OH -► H-C-OH -► H—C—OH 
CH,OH Ah,OH CHjBr 

sf+) Qlycertldehyde 


COOH 

1 

H—C—OH 

I 

CH, 

d-(—) Lactic acid 


Since configuration of lactic acid thus obtained corresponds to 
dint of D-(-f-) glyceraldehyde, lactic acid has d- configuration. 
Further, since the acid obtained is laevorotatory, it is d-(— ) lactic 
odd. 


Similarly, L-(— ) glyceraldehyde gives l-(+) lactic add as a 
result of corresponding reactions. 

Notes. 1, o* and l- refer to the absolute configuration (a threat 
dimensional structure). 

2. (+) and (—) refer to the rotation of the plane of polarised 
light, a physical property. 

In the past, d («■ deztro) and l (when) were used instead of 
(+) and (—). 

(ft) R and S Notation (Rectus and Wa iter System). 
Oa hn, Ingold and Prelog proposed a scheme of nomenclature »«si«g 
the prefixes R and s. The two steps involved are : 


Step I. Following a set of sequence nice (see Sec. 17), a 
RSgMMs of priority is assigned to ike four different groups of atom* 
stt flctei to Iks chiral anion atom. One criterion of priority is 
based on atomic numbers— an atom with higher atomic number gets 
higher priority. 


For example, in the 


of bromochlorotoddmcthane given 



muoammm 
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JBr Br 



the sequence of priority is I, Br, Cl, H. 

Step XL The molecule is next visualised so oriented that the 
group of lowest priority is directed away from us, and arrangement of 
the remaining groups observed. If in proceeding from the group of 
highest priority to the group of second priority and thence to the 
third, our eve travels in a clockwise direction, the configuration is 
termed R (Latin : rectus** right). If the eye travels in anticlock¬ 
wise direction, the configuration is specified S (Latin : sinister =» left). 

Viewed in this manner the configurations I and II of bromo- 
chlomiodomethane given above are specified R and 8 respectively. 



s s 

The racemic modification is specified by the prefix RS. For 
example, racemic lactic acid is written as (R5)-lactic acid. 

It must, however, be clearly understood that unless we happen 
to know experimentally for a specific compound, (R)- or (S)- confi¬ 
guration gives no idea about the actual direction of optical rotation. 

17. Sequence Roles.— Various sequence rules, which we shall 
need in our study, are given below : 

Role 1. In case of four different atoms attached to the 
asymmetric carbon atom, priority depends on atomic number, with 
the atom of higher atomic number getting higher priority. If the 
two atoms are isotopes of the same element, atom of higher mass 
number has higher priority. For example, in chloroiodomethane- 
•ulphonic acid the sequence is I, Cl, S, H. Similarly, the sequence 
in a-deuteriocthyl bromide is Br, C, D, IL 

Cl H 


H—C—SC^H 
I 

(^Uorotodotnetfasne- 
•ulphoaic add 


H*C—C—Rr 
D 


•-Deuterioethyl 

DTOfZlKXS 
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__Write the mmor __ fonm of both of there and Osins the 

wqimw rule giv en above label each «« or S. 

Bala 2. If two atoms attached to the chiral carbon atom 
arc the same, rule 1 cannot decide the priority. In such case* com¬ 
pare the atoms attached to each of these first atoms. 


For example, in sec-butyl chloride, 

H 


OH, - -OH^- A— CH, 


Cl 


the relative priority of CH, and C,H 6 is decided as follows : 


In CH ? , the second atoms are H, H, H ; in C,H ( they are 
u H, H. Since carbon has a higher atomic nu m ber than hydrogen, 
the higher priority. Hence the sequence of priority is 


Similarly, in 3-chloro-2-methylpentane 

ch, a 

CH,—CH—C—CH,.CH, 

H 

C, C, H of isopropyl takes priority over C, H, H of ethyl. Hence the 
complete sequence of prionty is Cl, (CH,)/2H, C,H„ H. 

Ewtbr. Labe! the following configurations / and U for aec-Butyl chloride 
as Jf and S. 



__ [ Am. I is g sna II ■ R.] 

Rale 3. A doubly- or triply-bonded atom A is considered as 
equivalent to two or three A’* respectively. For example, 

/A 

«=A is equivalent to \ and 
X A 

. /A 

S A is equivalent to —A 
\A 


< A 

• however, has priority over m A.) 


for in s ta n c e , kb glyceraldehyde the four grout* attached to the 
chiral carbon atom are : 




H 




n» 


fl-C-0 

i 

H-C-OH 

CH.OH 

Glyoeraldehyde 


-C-O, H, OH, CH,Oa 
H H 

io— i-o 


—C=0 is equivalent i 


i 

o 


Out of these four groups, the OH group has the highest priority 
of all. Next O, O, H of —CHO takes priority over the O, H, H, of 
—CHgOH. Thus complete sequence of priority is : 

—OH, —CHO, —CHjOH, —H 

Phenyl group, C,Hg— is considered as if it had only one Kekulc 
structure : 



equivalent lo 


f \i 

equivalent to 



Various groups attached to the chiral carbon atom in 
2-mcthyl-l-phenylpn?pananiine, 


(CH,) t 


•re : C.H*-, —NH„ —CH(CH,)„ H. 

Out of thcie, N of NHj has the highest priority. Next the C, C, 
C of phenyl takes priority over C, C, H of isopropyl. The ent ir e 
sequence of priority is then NH (I C,H S , Cyi„ H. 

Excrete. Write the object and Ut mirror Imago configurations of 
CJi,CU[CH^NB t and label them at RandS. _ 

If any two groups attached to a chiral carbon atom are 
interchanged, the enantiomoiph results. If a second interchange is 
made, the original form is regained. To designate the configuration 
of a chiral carbon atom, the necessary double interchange is 
made to place the group of lowest priority at the bottom of the 
perspective or projection formula as illustrated for (-f)-glycendde- 




fffiyceraldchyae fHfetetelMjtft 

(Fit/tor projections) 
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The sequence of priority being OH, CHO, CH»OH, H, it htt 
the B configuration. 

Similarly, making necessary double interchange in (+) glyceric 
add, we get 

COOH COOH 

» i 

I i 

i i 

i * 

mm HOCH ! -—C'^~OH 

CH 2 OH H 

S-glyccric acid 
(Prospective formnlae) 

The sequence of priority being OH, COOH, CH y OH, H, 
{+)-glyceric acid has 5-configuration. 

18. Specification off configuration off compounds with 
more than one chiral carbons. —Compounds like tartaric acid 
contain more than one chiral carbons. Specification of their configu¬ 
ration presents no special problem. We specify the configuration 
about each of the chiral carbons and with the help of numbers 
tell as to which configuration refers to which carbon. 

For (—)-tartaric acid the sequence of groups attached to each 
chiral carbon atom is OH, COOH, CHOH.COOH, H. Wr specify 
the configuration about each of the two chiral carbon atoms by 
making necessary double interchange as follows : 

COOH COOH 

i i 

H H0*—■* BOOCMOHC8 

I I 

CHOH.COOH H 

CWH.C00B CH0H.C0<m 

s i 

com a 

< ~)*Tartaric acid 

Kcnce (-)-ttrtaric add is S, 5 -tartiric acid. 

If a compound has two or more different chiral cat bon atoms, 
the position of the chiral atom is indicated by a numeral preceding 
the configurational designation, as is demonstrated in the following 
example*. 

In. 2,3-dichloropentanc the Tour configurations an given 
below: 
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cm, 

C1~*C—H 

CH, 

H—*C—Cl 

CH. 

ca—«c— h. 

h— A— a 

H— *A- Cl 

Cl—»i-H 

k* 

4?- 

IV 


In the order of priority the four group! attached to C, are C3, 
GH,.CH,.CHC1, CH„ H. Those attached to C, are Cl, CH..CHC1, 
CjH,, H. Proceeding as before in the case of tartaric acid, we specify 
the configuration about each of the two chiral carbon atoms in 
1, by making necessary double interchange as follows : 


CH, 

I 

I 

H^^Cl 
C 2 U f 


CH, 

i 

CH, 

1 

1 

H^^Cl = 

1 

Cl~*’ < r'*-CHCtC ! H s s 

1 

CHCLC 2 He 

H 

CHOCK , 

1 

CHCICH } 

4 

i 

l 

1 

C S H S 

i 

H 


Thus we find that both C, and C, have S-configuration. 
Hence I has the configuration (2S, 3S) and it is named as (25, 3S) 
-2» 3-dichloropentane. 


Similarly, II has the configuration (2R> 3R), HI has the con- 
figuration (2S, 3R) and IV has configuration (2R, 35). 

Exercise. Three stereo-isomers of 2, 3-dicMorobutane are given below. 
Specify their configuration in R and S notation . 

Mirror 

CH, CH, 

h-<L-ci ci-A-h 

Cl—d—H H—i—ci 

c!h. (Ih, 

I II III 

IAat. I is (2S, 3S) ; II is (2R, 3R) ; III is (2S. 3gj] 


CH, 

H—i—Cl 
H—i—Cl 

Ith, 


19, Stereochemistry and Stereoisomerism. —Study of 
organic chemistry is based on molecular structure and properties. 
The branch of organic chemistry dealing with structure ** Arse di¬ 
mensions is termed Stereochemistry (Gr. sierecs*=solid). An impor¬ 
tant aspect of stereochemistry it stereoisomerism. Isomers which differ 
dram each other only in the way the atoms are oriented in space are 
called stereoisomers. 


Optical isomers like that of lactic acid and tartaric add are 
related as object and its minor image. These mirror-image isomers 
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we called enantiomers. Enantiomers hone identical pkyticed pro¬ 
perties except for the direction of rotation of the plane of polarised tight. 
They hate U tntical chemical properties except tomards optically a cti o n 
reagents. Since they differ from one another only in the way the 
atom* are oriented in (pace, enantiomers belong to the general c l as s 
called stereoisomers. Stereoisomers that are not mirror images of 
each other are called diaatereoiaosaers. 

Thus according to the latest classification, 

(t) Stereoisomers are of two distinct types : enantiomers sod 
diastereouomers. 

(it) Enantiomers result from chirality only whereas diasterco- 
isomers may result from chirality or from eie’trane isomerism. 

(tit) Chiral system may be enantiomeric or diastereoisomeric 
whereas cie-trane isomers are always diastereoisomeric and never 
enantiomeric. 

Sugars represented by the molecular formula, 

CH.OH . CHOH . CHOH . CHO 
arc erythrose and threose, each existing in two enantiomeric forms 
as given below : 


H 

H 



:ho 


1 

- 




OH HO 
OH HO 
CHjOH 



:ho 


1 ' 1 




CHfiH 


( 1 ) ( 2 ) 
Two enantiomers of 
erythrose 


H 

HO 


i 

:ho 






■OH HO 
■H H- 


CHjOH 


1 

:ho 


j 


. ( 


H 

OH 


CHzOH 


( 3 ) ( 4 ) 

Two enantiomers of 
threose 


Sugars represented by (1) and (3) are diastereouomers not 
enantiomers. 

2d. Fischer Projections.— On pages 199 and 200 we have 
seen perspective formulae for glyceric acid and Fischer projections 
given for glyceraldehyde. In the perspective formulae thick hori¬ 
zontal lines represent bonds directed towards the reader and the 
dotted vertical lines represent bonds directed away from the 
reader. 

In the Fischer projection 

(1) The intersection of the horizontal and vertical lines 
r epresents the chiral centre (the chiral carbon atom). 

(2) The horizontal lines represent bonds directed towards 
the reader. 

Cl) The vertical lines represent bonds directed away from 
the reader. 

(*> Fischer projection formulae retain their configuration on 
mtfttiaa fay 189* ingle within the plane of the paper. Fonnul 
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(b) given below is obtained on rotation of (a) b> 180° within the 
plane of the paper. Hence (a) and (6) possess identical configura¬ 
tions. 


CHjOH 

H— —OH Rotation 

H-OH by 180° 

CHO 

(a) 


CHO 

HO-H 

HO-H 

CH s OH 

(*) 


21. The Prefixes threo- and erythro-.— Molecules with 
two different chiral centres, not necessarily on adjacent carbon 
atoms, are often designated by the prefix threo* or erythro*. The 
molecules with two identical (or similar) groups on the same side 
of the carbon chain in their Fischer projection formulae, arc termed 
erythro On the other hand, molecules with two identical (or 
similar) groups on the opposite sides, arc termed rtreo-. 

22. More About Geometrical Isomerism—The <E» Z) 
System. —The terms cie/trans and ay nj anti are being widely used 
to describe geometrical isomers in double-bond stereoisomerism. 
In a few cases, however, these term9 are found to be inadequate 
in describing the isomers without ambiguity. For example, in the 
following compounds, (I) is obviously cis but (2) is not obviously eis 
or trans. 


CH,v /CH, 

>C=< 

w n h 

( 1 ) 


CH, n 

c,h/ 


c=c 

( 2 ) 


/ 

\ 


Cl 

COOH 


A new system of labels (E and Z) have been introduced to 
name such double-bond isomers unambiguously. These labels 
have been derived from the German words ertigegen (meaning 
opposite) and zusammen (meaning together). The proposed system 
of nomenclature involves the following two steps : 

Step I. Following the set of sequence rides given under R and 8 
Notation4 on page 197, a sequence of priority (a and b) is assigned to 
the two groups at one end of the double bond. Similarly, a sequence of 
priority (a and b again) is assigned independently to the two groups 
at the other end of the double bond . 

Step II. The configuration in which the two a groups are on 
the same side is labelled (Z) and another in whioh the two a groups 
are on opposite sides, is labelled {E). 


Following these two steps of priority assignments and 
labelling the configuration, the names of the compounds (1) and 
(2) are: 


a CH, 


V CH, a 
(£)<2-butene 


> 

bW 


b CH, q/CI a 

a Qm/ * NOQOH b 
f£)4-chlon4^tli)rl^pent«noio dsdd 
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Example 1. Give the E-Z deeiffnaUon oj each of the fallowing : 


<0 

F v M 

>C-C< 

CV 'Br 

(»») 

CL M 

>c-c< 

F x x Br 

(m) 

ck A 

/ C=C \ 

(iv) 

CMe\ 

>C=N' 

W X OH 

W 'Br 


On priority assignment and labelling, the E*Z designations of 
various compounds given above are : 

ft F v yH ft 


W 


a Cl 


>-< 


Br a 


(»*) 


(Two a groups art on tht 
same side) 


(»«) 


a CL A 

>= C < 


a Civ Mb 

>C“ C < 

ft F' s Br a 

E 

(Two a groups are on 
the opposite sicks) 

aC,R 


6 W 


Br b 


(Two a groups are an the 
same side) 


(iv) )C=N^ 

bW X OHa 
E 

(Two a groups are on 
the opposite sides) 

Nate. When no atom is present in a position, as in (iv) above, 
consider the position to have an atomic number zero, i.?. v 
priority (b). 

All those compounds which can be designated cia without 
ambiguity are designated Z . Similarly, all those compounds that we 
Would normally designate irons are designated E . For example, 


a CH« 


s \, 


,CH,a 


/C=C< 

bW Mb 

(Z)-2-Butene (cij-2-butene) 


a CH» V Ai b 

>C=C< 

6 W X CH S a 

(E)-2-Butcne (rniRf-2 butene) 


Exercise. Give the E-Z designation of each of the following: 

CL yCH, 

* F> C - C <C,H. 


(o 


1 /Br 

/ C “ C V 

O' X CH, 


(c) 


a /H 

Br' N:,h, 

Abs. (a) Z ( 6 ) E 


A CH,. 

" H>“ 


(0 z 


Ca 

x CH(CH,) a 
(d) E 


23. Resolution. —Whenever an optically active compound if 
synthesised in the laboratory the dextro and the laevo varieties are 
obtained in equal amounts and a racemic mixture remits. The two 
components called cnantiomorphs can, however, be obtained from 
the racemic mixture. The separation of a racemic mixture into its 
enantiomorphs (desdro and laevo components) is termed Resolution. 

Due to identical physical properties of the optical isomers, 
their separation Cannot be effected by simple methods like fractional 
crystallization or fractional distillation. Following methods have 
been used for resolving racemic compounds: 
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(]} Separation. When the two isomers [(+)- and 

(-*)-i*ay*elt 6 *] or their sales form well-defined crystals showing hemi- 
hedral faces, they can be 


separated by simple hand 
picking* Pasteui (1848) sepa¬ 
rated in this manner crystals 
of sodium ammonium race¬ 
mate, Na.NH 4 .C 4 H 4 Oa. 2 H 2 O, 

It should be noted that 
below a certain temperature, 
the isomers crystallize sepa¬ 
rately while they crystallize 
above this temperature as 
the racemic variety. This 



—n, r*—^ 

Fig 11 ’ 26 —Crystals of sodium ammonium 
racemate showing hemihadral faces. 


temperature is also mflurnced by the nature of the solvent. This 
method though simple tn principle always offers some experimental 
difficulties resulting in its limited application. It is, therefore, 
mainly of historical interest at present. 


(2) Biochemical Separation (Pasteur, 1858). This method 
is based on the fact that certain lower organisms, such as moulds, 
bacteria or fungi when allowed to grow in a solution of the racemic 
compounds destroy one of the optical isomers at a much quicker 
rate than the other due to selective assimilation. 


For example, when Penicillium glaucum (a species of green 
mould) is allowed to grow in a solution of ammonium racemate, it 
destroys the (+)-tarIrate by assimilation leaving behind the (— )* 
tartrate practically unaffected. 

Though slow, the method is of wjdc application. The sepa¬ 
ration, however, is not always complete and one component is 
always lost. Some other side-products may also be formed and the 
■ample may be difficult to purify. 

(3) By means of Salt-formation (Pasteur, 185H). This 
method is the best of all methods of resolution. It consists in conver¬ 
ting the active constituents of a racemic mixture into diastereoiso* 
mere (salts) with another active base or acid. 

(Dtaid + (D»«id D»*m) + (I*«m D»u«) 

Racemic mixture Active Optically active salts 

(add) base (Diasterevisomers) 

The two salts thus obtained often differ in their solubilities and 
can be separated by fractional crystallization. The salts can be 
hydrolysed with inorganic acid or alkalis to get the original active 
compounds. 

For example, salts of racemic acid [(+ )*tartaric acid with 
(+)-cinchonine are (+)-cinchonine (+)-tartrate and (+)-cinchomnc 
(—)-tartrate. On crystallization from a saturated solution, the latter 
being less soluble crystallizes out first. Dextro and laevo varieties 
of tartaric acid can be prepared by hydrolysis of these salts. 

Bases used for the purpose are mainly alkaloids, quinine, 
brucine, cinchonine and morphine. Similarly, adds commonly used 
fa* resolution are tartaric acid and camphoiwphonic add. 
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(4) Selective Adsorption. Optically active subatances may 
be selectively adsorbed by certain optically act he adsorbents# For 
example, Henderson and Rule (1939) separated the active ccmstitu* 
tuts of racemic camphor using dextro-lactose as an adsorbent. 

24. RacemiMtioo.—When a solution of (+)-tartaric acid in 
water is heated, it is transformed into a completely inactive mixture 
of the racemic and mew-tartaric acid. The phenomenon of sponla* 
neon* production of the laevo variety from the dextro variety and vice 
vena to produce racemic mixture is called Racemieation. 

If a molecule of an optically active compound contains two or 
more chiral carbon atoms and the configuration of only one of 
these carbon atoms changes in a certain reaction, the process is 
termed Eptmerisation 


Racemisation can be brought about by : 

(») The action of heat. A rise in temperature always favours 
racemisation. Lactic acid, amyl alcohol, tartaric acid, etc., give 
racemic mixture on heating. 

(it) Treatment with chemical reagents. Presence of foreign 
substances favours racemisation in many instances. Many subs¬ 
tances undergo racemisation when treated with chemical reagents, 
e.y., mandelic acid (CpH^CHOHCOOH) with hydrobromic acid 
forms the corresponding (±)-bromo-acid. 

(m) Anforacemiaation. In some cases racemisation occurs 
spontaneously at room temperature, e.g., dimethyl bromosuccinate 
home rises on standing at room temperature. This type of racemisa¬ 
tion is termed autoracemieation. 


Mechanism of Racemisation. One important set of com¬ 
pounds which readily racemisc are those in which the chiral 
carbon atom is joined to a hydrogen atom and negative group. This 
readily undergoes tautomeric change and racemisation occurs via 
enolisation. For example, 


H O 
i » 

R'--C—C—OH v* 

k 

Dextro add 


OH 

R'—C=>G—OH y 

k 

ilecule loan chirality 


Racemic 

mixture 

or 

<±)*adi 


When the intermediate enol form, which is not chiral, reverts 
to the stable form, there are equal chances to produce the dextro 
and laevo forms. So it gives a racemic mixture. 

In case of some other compounds which cannot undergo 
tautomeric change, tjg., limonene, the mechanism of racemisation 
is uncertain. 


25. Walden Inversion. —When an alky! halide is attacked 
by a nucleophile (Y) from the back side, there is substitution of the 
leaving group (X) by the nucleophile. Since two species are taking 
part in t»ii substitution reaction, it is termed bimolecubr substitution 
by the nucleophile or Sn 2 reaction. 

As the nucleophile approaches the carbon atom, the band 
C—X is stretched. At a certain stage both Y And X am partially 
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bonded to tiw ca rbon atom, ia, bond G—X Is not yet completely 
broken and the bond Y—C it not yet completely formed. This 
state of the molecule is termed the transition state. 

The transition state resembles an sp* hybridized carbon atom 
with three orbitals lying in one plane, defined by the central 
carbon and its three substituents (R„ R, and R ( ). The Y—C—X 
axis lies perpendicular to this plane. As the leaving group X leaves 
and the bond Y—C is completely formed, the central atom undergoes 
a type of flipping, i.e., the tetrahedron inverts just like an im»hr«»ll» 
turning inside out in a windstorm. This type of inversion is termed 
a Walden inversion. 

Ri 1 /*, 

Y* : + R.-C-X W y (i x ** Y_C_R * + *• X ' 

Nucleophile R,/ „\r- Lesvinf 

I R/ N Rj j group 

Transition state 

Walden inversion is easily detected if the central car bon 
happens to be a chiral carbon atom, »>., when R lf R, and Ri 
are different groups, since the optical activity of I is generally 
opposite to that of II. 

Walden (W>93, 1B95) was able to convert an optically active 
compound (faeio-malic acid) into its enantiomer by a series of replace¬ 
ment reactions. 

CHOH.COOH pci, CHC1.COOH AgOH CHOH.COOH 
i =1 —* ! 

CHjCOOH koh CHjCOOH CH.COOH 

( — )-malic acid ( + )-chloro&uccinic ( +/-malic acid 

(1) acid (II) (III) 

The interchange of position between the two groups in the 
transformation of (-)-malic add to (+)-malic add has takoi place 
in one and only one of the two steps given above. Thus if the 
configuration of (II) corresponds to that of (I), the inversion has 
taken place in the second step, i.e., between (II) and (HI). Any such 
change involving inversion of configuration is now termed Waldos 
Inversion. 

As it is, there is no way of telling in which step of the above 
experiment inversion has taken place. According to Kenyon (1925} 
inversion occurs only when the bond between the chiral carbon 
atom and another atom is ruptured. For example, esterification of 
an add by an alcohol proceeds as follows : 

ns 

RCO-OH H-OR' —► RCO—OR' + H,0 

In this reaction since R'—O bond of the alcohol R'OH 
remains intact, no inversion is possible in alcohol. 

In a number of chemical reactions a pure optical isomer yields 
the same pure isomer or another pure optical isomer as a result of 
Walden inversion. In all these reactions either the chiral 
centre remains Unaffected or it is affected in a known predictable 
manner, e.p,* in Sk 2 reactions. For caatnple i 
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organic o»w*«r 

/ 


M) An odd on moment with thionyl cttonde chuage* km 
n ai chloride with no change in configuration. This is because to* 
chiral centre remains unaffected. 

Soci, 

CH.CH,—CH—COOH —*■ CH 3 CH,-CH—COQ 

cm r, ch. 

Add (o-ifomtr) Add cbbrUe fau-mr) 

(U) 2-B roroo butane oji treatment with a solution of Nal in 
chang es into 2-iodobutane with a change in configuration aa 

a mult of Sn2 reaction. ^ 

Nal in I 

CH..CH,—CH—CH. —► CH.CH,—CH—CH, 

| acetone 

Br 

D-isemer L'lionicr 

S imilar ly, ethyl (+)-lactate can be converted into its acetyl 
derivative with or without change in configuration as given below : 

No inversion 

r-*-1 

Mev ^.COOEt Ac|0 Me^ ^COOEt 

h^ Cn> oh h //C ' v oac 

Ethyl (-l-Hactaie (I) (—)-AcctyI deriv. (II) 

jTsCl 

Me v ,COOEt AcO-K+ Me. y OAc 

)c< -- >C< 

W N OTs W 'COOEt 

(+)-To*yl deriv. UU) (—)-Acetyl deriv. (IV) 

(-^-J 

Inversion 

Ts=tosyl group=p-tolucncsulphonyl group p-MeGaHtSCV 


In the above transformations (I) and (IX) have the same 
relative configurations although (I) is dextro-rotatory while (H) is 
laevo-rotatory, the sign of rotation has changed. 

Conversion of (I) into tosyl derivative involves neither change 
in sign of rotation 9 nor change in configuration. However, treatment 
of tosyl derivative with potassium acetate (AcO"K + ) produces (IV) 
which is an enantiomer of (U). This suggests that conversion of (III) 
into (IV) involves inversion whereas (ft) and (HI) arc produced 
from (I) without inversion. This is accounted for bjr the fact that in 
the formation of (II) or (HI) the C—O bond in (I) is never broken* 
However, during the conversion of (III) into (IV) the complete 
OTs group is replaced by OAc group, i.e., C—O bond is broken and 
this results in inversion* 


From this we leam that if inversion takes place in a displace* 
meat reaction at all, the complete group attached to the chiral 
centre must be removed. Its converse* however, is not true, 
removal of a complete group attached to the chiral centre 
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dwing »(WMtnait reaction does not always remit in a mriaa . 
Por«a*pl«, Xaayonshowed that conversion of <+)2-outai»0l ta£ 
(+rZ* Bromooctane does not involve any change in configuration, 
2®. Asymmetric Synthesis. —Whenever an optically activo 
compound u synthesised in the laboratory, the product is always a 
racemic mixture which has to be resolved to get optically ac tiry 
constituents. It is, however, possible to prepare an opt ically active 
isomer in the laboratory using special means without the neeesdty 
of resolution. T 

The production of an optically active compound from a symmetric 
molecule without recourse to resolution is termed asymmetric - “ • 


Various methods used for asymmetric synthesis are : 

(1) With optically active reagent*. The first asymmetric 
synthesis was that of laevo-isovaleric acid carried out by M«i -y 
wald (1904) by heating the half brucine salt of ethylmethvlmalonk 
acid at 440K. ’ " 

yCOOH 


CH X~ 

C,H/ X300H 
Ethylmelhyl- 
malonic acid 


laevo- 


440K 

—CO, 
HQ 


_ CH~ ^COOHR-J-Bnidne 

brucine C.H,^ ^COOH 

CH #N /COOH 

COOH. f(—)-BrucineJ 


IOOH. [(-). 

Brucine) 


c«h b 

CH 8 v yCOOH.[(—l-BrucmeJGHgv M 

C,H><„ + ^Xo 

CH,v /COOH CH, V /H 

C.H.X H + qftXcOOR 

dextro- lac vo- 

The laevo-variety was in excess to the extent of about 10%. 

Mackenzie (1905) reduced pyruvic esters in which alcohol was 
optically active (e.p,, laevo- manthol, laevo-amyl alcohol). The l urt ic 
ester produced gave on hydrolysis slightly laevo-rotatory lactic aeid 
_ Al/Hg 

CH,.CO.COOR+ 2 [H]-► CH a .CHOH.COOR 

Lactic ester 
HgO 

-* CH a X2HOH.COOH 

Lactic acid 

, uul . UUgktfy laevo*rotatory) 

. v' With enzymes. (—)-Mandelic acid has also been svnthe. 
sued by treating benzaldehyde with hydrocyanic acid in the 
presence of the enzyme emulsin (present in almonds) with subsrquent 
hydrolysis. HO 1 

aass8. +H0N affia. H>oN — c jssisj ,)cooB 

The (-)-variety is obtained inlarge excess of the (-fj-isomer. 
^-.-~r nc * J * rc “?®P le * «* pK»laWy optically active onrani* 

y p y the r<4r * s » ®pti«*«ySSc 

OC-J-4IJ-N 
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In nature a number of optically active compoundi are being 
produced in the bodice of animals and plants probably under the 
influence of enzymes. 

(3) With circularly polarised light. Many attempts have 
been made to produce optically active compounds by carrying on 
their synthesis under the influence of circularly polarized light. This 
i$ a special case of asymmetric synthesis and is known as otohsfe 
asymmetric synthesis* The first conclusive evidence for this was 
obtained by Kuthu and Knopf (1930). Some effect has been noticed 
but the method is not yet an experimental success. 


TEST YOUR UNDERSTANDING 

1. Pali each of the terms : (s) composition, (b) constitution, and (c) 
maturation with the proper oounteipart among the terms (/) structural 
Cannula, (0) space formula, and (#Q molecular formula. 

2. Pair each of the terms: (a) optical activity, redouble refraction, 

a enantiomers, and (d) resolution, with (/) separation into enantiomers, (If) 
die, (iff) rotation of the plane-polarised light, and (#k) optical isomers a 

3. Predict the number and kind of stereoisomers (active, meao or geo¬ 
metric) theoretically possible for each of the following compounds : 

(a) (CHJ, CH.CH (NHJ COOH, (b) C.H.CH (CHJ CH.OH, 

(c) CH'.CHBr. GH. GHBr.CH., (d) CH/)H.(CHOH) 4 .CHO. 

4. Pair each of the following terms with the appropriate examples : 
(a) geometric isomerism, (6) enolizatioa, (c) enantiomorphism, (</) racemiza* 
tkm, (r) asymmetric synthesis, (/) diastereoisomer, and (g) meio forma: 


ti) CHgCH a CH : CHO *** CH 3 CH 2 CH=CHOU 


Ci»5 

I 

r 

<«) and 

l 

H 

I 
■ 

*B) = 

i 


C t Hs 

i 

i 

H 

Cz« s 

I 

H 


r 
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f 

f 

-QOOH and 

f 

? 


C" 


CHf--C — 

C- 

-com 

1 

1 


1 

i 


B 

Cl 


H 

a 


a 

ct 

a 

a 

H 

Cl 

I 

\ 

» 

! 

? 

? 

c- 

c- 

■c— CHs *nd 

csr-c - 

-c- 

<>• m t 

1 

i 

i 

1 

1 

1 

H 

H 

H 

H 

Cl 

H 


(Vi) CHjCOCOOH ^ 6PWr ^ ISC — Y£AS l (-) LACTK 400 

5. Specify as R or S the configuration of each chiral carbon atom 
In the following compounds : 


CLCH 2 ' 


cm 

* 

■‘t-ch, 

I 

CONHi 


OS 

CHg — C-‘-CgBg 

1 


HOOC- ■ 


CHs CU 3 CX, CH, 

i f r i 

Xi 


* I 

(4) 


CONHj 

OH 


CHfCHtCHOH 


the dextrorotatory and leevorotatory forms of 2-botaaoll 


Compare the dextrorotator; 
OH.CH,, with respect to: 


(а) b.p. ( (6) m.p.; (e) sp. gravity % 

(4) specific rotation; («) refractive index i (/) solubility i 
(#) rate of reaction with HBrt (*) specification at X Or S. 

7. Which Of the following objects are chiral: 

(o) Mil, screw, pair of scissor*, ksif* 

(б) glove, shoe, sock, pullover sweater, coat s w eate r , 

to to** ball, foothill, tennis racket, sbotgna banal, rifle barrel, and 
W) your hand, your foot, poa* eat, poo* note, puMMf, 
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KEY 

1. («)—(WO { (ft)—(fl J (e)-C«). 

a. <•»—(») i (*)-(«): (0 —c#k) s (rf)—CO- 

S. («), (ft)—two active; (e>— two active and one raeeo 5 (o)—eixteeo 
active, 

• 4. (eWfrb (5H0 * (cXIU) ; (i)-(W) ; W-WO S (/>—lr> 

( 0 ) $; (» S; (e) JS. 25, JJT, 4R , (rf) JJt, 25. 

C. Equal but opposite specific rotation ; opposite R/S specification ; all 
other properties the same. 

7. (a) screw, pair of scissors. (c) football (laced), rifle barrel, 

ffi) glove, shoe, coat sweater. (d) all. 

QUESTIONS 

&•»? Type : 

1. What do you understand by the term 'optical activity 1 ? Explain ll 

' with special reference to tartaric and lactic adds. (Rajasthan flic. 1971) 

2. (a) "Optical activity of a molecule Is linked with the presence of 
chiral carbon atom or atoms to it. 1 ' Justify. 

(6) Write a brief explanatory note on relation between chirality and 
optical activity. 

3. Give an account of isomerism exhibited by lactic add. What is meant 
by resolution ? Describe at least two methods for resolving a raceme mixture. 

(Punjab B Sc . 1971 ) 

4. Write an essay on speci fi cation of configuration using the R end 5 
notation. 

5. (a) What ate 'Diastereoisomers ? Bring out the differences between 

i and Diastereoisomcfs. 

(b) Explain what you understand by Rectus and Sinister system of 
J of chiral centres T 

(c) 1UPAC names have been assigned to the following compounds. 
_me configuration about each chiral centre according to the Rectus- 

Sinister system by placing R or 5 in the parenthesis provided. 



(2 )-2,3-Dihydroxypropanal (2 )-2-Butgia>I 

(Guru Numk Dev BSc. 1971) 
C. Give an account of the theoretical basis of optical and g e o me tri cal 
hMMri wn with ipccUl referenw to (a) Lactic acid, (ft) Tartaric acid and toman 
**** the formula C.p.0. and C.H.O., (Rqfwlum J.&TffW) 

!• Le Bel) aod van’t Hoff theory of 'optical tomertoi with ipeSfe! 

■ofertace to tartaric add. How U moo tartaric acid prepared t 

(Jabvlpmr M.Sc. 1973) 

*> J» tauttmertog » Oft* mania. Dtoua the pmutvm of mm 

How do** tmsmam differ from taatomertaiT 
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f. Write Ae appropriate Ml corresponding* , 

foilowm* pai* and amotion the type of isomeriun exhibited by each pair s 
(0 anti*n-butane and gauchc-n-butane. 

(#) vinyl alcohol and actaklehyde. 

(/W) Ldactk acid and ©-lactic add. 

(tv) acetone and propionaldehyde. 

(r) e-dichlorobenzenc and p^Uchlorobenzene. 

(d) n-btitane and isobutane. (Osmanta BSo. 1975) 

IQ. What are geometric isomerism and optic il isomer is u ? Give examples. 
Why ife rumaric acid not optically active T (Utkal BSc. 1976) 

11. Give an account of the isomerism of maleic and Fumaric adds. How 
are the isomen identified ? How is one isomer converted into the other 7 

(Madras B.Sc. 1976) 

12. Write a detailed note on * Optical isomerism in tartaric acids. 

(Andhra B.Sc. 1976) 

13. Write the names and appropriate Formulae of one pair of example 
for each of the following : 

(a) Functional isomers. (6) Diaitereoisomera, (c) Conformen. 

[Andhra BSe1976) 

Describe any one method of resolving a racemic mixture of 

(a) Tartaric acid. (Bangalore B.Sc . 1978) 

(b) Lactic acid. ( Delhi BSe, Hons, 1978) 

Explain what is meant by Walden inversion. (Colic* BSc. 1978) 
Outline two methods of resolution of racemates. [Calicut BSc. 1978) 
Explain the following with examples : 

(q) Chain isomerism and \b) Geometrical isomerism. 

(Calicut B.Sc. 1978) 

Label the following compounds with R and S notations : 

COOH CH, 

H——OH (II) H—Cl 

H-d-OH lir 


14. 

15. 

16 . 
17. 

IS. 

(0 


COOH 


(Delhi B.Se. Home. 1978) 


19. What are the elements of symmetry. Explain giving one example of 

each. (Delhi B,Sc. Hons. 1978) 

20. What do you understand by conformation ? . How would you explain 

the greater stability of chair form of cyclohexane as compared to that of boat 
form 7 (Delhi BSc. Hons. 1978) 

Short Answer Type; 

1. Write briefly conformations of n-butane, (Andhra B.Sc. 1974) 

2. In how many stereoisomers can HOOC—CHOH—CHOH—-COOH 

exist ? (A ndhra B.Sc . 1974) 

3. Lactic acid exhibits optical isomerism whereas propionic acid does not. 

Explaiu why. (Andhra B.Sc. 1974) 

4. Explain why c/M, 3-dimethylcydohexane is more stable than its trAni- 

homer. (Andhra BSc. 1974) 

0 K yO 

$. Account for the fact that compounds of the type C*Gv can 
be resolved into optical isomers, b' 

(Calicut BSc. 1972) 

tf. Write briefly on keto-enol tautomerUm. 

(Kerala BSc. 1975 ; Madras 1974 \ Andhra 1973) 

7. What type of isomerism does lactic acid exhibit 7 (Kerala BSc, 1973) 

I. How does resonance diflfer from Uutomcrism ? (Nagnur BSc. 1973) 

9« Write a short note on Geometric Isomerism. 

(tiagpur BSc. 1973 ; Bangalore 1974 Supp.) 
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12. How will you differentiate between Aayromctiy^^^Wi^^ 

13. How will vou differentiate between Enantiomenu^ ^^^ 977 ) 

14. Differentiate between configuration and conformation. 

(DelW 3.Sc. Hon*. 1977) 

15. How will you differentiate between cis-tfans and syn-anti fermsof 

geomet ri cal iiomen ? (Delhi BSc . 1177) 

M. What is the difference between racemic and meso forms 7 

(Delhi B.Se. Hons. 1977) 

17. Give the absolute configuration at each of the chiral carbon. 
1 in the following two compounds ; 

H OH 


(0 


IS. 

19. 

2 fi. 

21. 

22 . 

23. 

<W> 

24. 


27. 


29. 


HiC—C—NH, 
H,C-ir—H 

<h 


and {il) 


H—CH—CH.OH 
d»OH 


1H (Delhi B.Sc. Horn. 1977) 

__ Different conformcrs of diddoroethane cannot be isolated. Explain, 
Why. (Delhi BSc. lions. 1977) 

Explain the term 'Polarized light ( G.N.D ; J9.Sc. 1977) 

What is the requirement for a compound showing optical activity 7 

(QJV.D. BSc . 1977) 

Write a short note on optical activity. (G.N.D. BSc. 1977) 

Give two examples of optically active compounds. (G.N.D, B.Sc 1973) 
Define the following with suitable examples: 

Diastereoisomerum. (it) Optical isomerism. 

Racemate. (fr) Meso form. (Calicut B.Sc . 1973) 

Illustrate with suitable examples - Enantiomers, diastereofoomers, 
Cpimcrs and meso compounds. (Burdwan B.Sc . Hons. 1971) 

25. Write a note on conformational analysis. (Andhra BSc. 1973) 

2i Write a note on optical isomerism. 

(Andhra BSc. 1973 ; Bangalore 1973 ; Calicut 1974) 
Write a short note on Chain and Position Isomerism. 

(Madras B.Sc, 1977) 

Write a short note on Walden Inversion. 

(Madras B.Sc. 1976 , 74 \ Calicut 1972) 
Write a short note on Asymmetric Synthesis. ( Madras B.Sc . 1976, 74) 
39. Mention the specific type of isomerism exhibited by each of the 
following pairs: 

(a) 1, 2-Dibromoethane and 1.1-dibromoethanc. 

(b) Vinyl alcohol and acetakiehyde. 

(c) a-Butyl alcohol and diethyl ether. 

31. Write short but critical note on : 

(5) Anomers. 

(b) Keto-enol tautomerism. 

32. Which of the following alkenes exhibits ds-trans isomerism? 
fog ittmctUTCS of the Isomers: 

Ut) 1-Butene, (b) 2,Butone, (e) Isobutene. (AuOiraBSc. 1977) 

33. Write structures of the stereo-isomers possible in each of the 


(Andhra BSc. 1976) 

(Andhra B.Sc, 1978) 
(Andhra BSc . 1977) 
Write 


H*C~CHO 


tO—CH*. 

r—CH*. 


(Am$mMSc.W7) 
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34. What is meant by: 

(() Dihedral angle, (B) Gauche conformation, 

(HQ Ami conformation, «r) Syn conformation. (Andhra B.Sc. 1977, 7g) 

35. Write briefly on : Absolute configuration of a molecule. 

{Andhra B.Sc. 1976) 

36. Write the possible stereoisomers for each of the following i 

(a, CH,—CH(OH)—CH(OH)—CH,. 

(b) HO.C—•CH(CH.)—CH(Q)—CO,H (Andhra B.Sc. 1976) 

37. Write the Newman projection formulae of the conformations possible 
for butane. Which one of them is the preferred conformation 7 

(Andhra B.Sc. 1976) 

38. Give the configuration B or S at each of the asymmetric carbon 
atoms in the following compounds : 


H 


(0' Br,C 


*>,- 


-Br (i7) H t N+- 


CH* 
CH t 


-H 


CH.SH 


m 


f-l__ 


L.—- 

tl 


XI 



“H 

-Cl 


[Delhi B.Sc. Hons . 1979) 


39. Furmaric acid and maleic acid give the same anhydride on heating 

but fumaric acid must be heated to a much higher temperature than maleic acid 
to effect the same change. Explain. (Delhi B.Sc . Hons. 1979 ) 

40. What do you understand by configuration and conformation ? 
Explain the difference by taking suitable examples. (Delhi B.Sc. Hons . 1979) 

41. What do you understand by erythro* and threo- prefixes ? 

42. Which of the following Fischer projection* represent the erythro- mole¬ 
cules and which one* the threo* molecules T 


H- 

Cl- 


COOH 

-Cl H- 

—H CHfi- 


Ws 


0 ) 


COOH 
—Cl 
—H 


CH ? OH 

(2) 


H- 

H- 

II- 


cooch 3 

—OCHj 


-n 


I 

CHzBr 

(3) 


-och 3 


(Am. (1) three- (2) thrao- (9) tiytkro-] 
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Spectroscopy 

1. Introduction—Determination of constitution of a newly 
discovered compound was a major problem and took yean. It 
involved breaking of molecules into fragments, study the compo¬ 
sition of each fragment, and t hen finding how these were linked 
in the original molecule. 

Since the 1940s there has been a revolution in this field and 
the problem is now tackled by spectroscopic methods. Structures 
of even complicated molecules are established in a few days. 
Advantages or spectroscopic methods over the other known techni¬ 
ques are: 

(/) These are very quick and extremely sensitive. 

(if) Information obtained is in the form of a permanent record 
and is highly reliable. 

(/if) Very small quantity (only a few milligrams) of the sub¬ 
stance are required for the determination and even this quantity 
can be recovered at the end of the experiment. 

2. Origin of Electronic Spectra.—Different types of electronic 
spectra are: 

(a) Emission Spectra. When a substance is subjected to in¬ 
tense heat or to an electric discharge, its atoms or molecules absorb 
energy and get excited. These excited species, on returning to the 
ground state, may emit radiation which on passing through a 
prism gives rise to a spectrum. This type of spectrum is termed 
emission spectrum. When recorded on a photographic plate, 
emission spectrum of atoms appears as bright lines on a dark 
background, whereas that of molecules appears as bands. 

Qb) Absorption Spectra. When white light is passed through a 
prism, we get a continuous spectrum of seven colours and sodium 
light gives a line spectra — two D-lines (yellow) of definite wave¬ 
length. These are both examples of emission spectra. 

When white light is passed through sodium flame before 
reaching the prism, wc get a continuous spectrum with two black 
lines in place of yellow lines obtained from sodium light. Hero 
sodium flame has absorbed two wavelengths from white light which 
it itself emits. This is an example of an obsorption spectrum. Let 
ns understand the principle underlying such absorption. 

1 *216 



1*117 


During absorption some if the molecules In the path of incident 
bean collide with photons of radiant energy. However, only those 
photons get absorbed whose energy exactly equals the difference in 
energy, &E between the grand and excited stars iff the molecules. 

AE-Av»Ac/A 

« energy absorbed per mole^Nskc/X 
wherein h (Planck’s constant)=6'63 x 10 44 Js 

c (velocity of electromagnetic radiation)=3x 10* ms -1 

^=6 02 xiO*» mol- 1 
Energy absorbed per mole 

(6 02x 10**K3'Ox 10 8 m»- 1 K6‘63x IQ* 4 Js) 
A(nm) x 10~*m per nm 
2 86 X 4 18X10* , 

= A(nm) 

If A=»286nm, 

energy=4’18x 10* J mol -1 =100 kcal mol -1 
(sufficient to bring about many chemical reactions). 

Organic compounds cannot exist under drastic conditions 
necessary ‘to stimulate these for giving emission spectra. They give 
rise to only absorption spectra. 

Types of Absorption. Spectra. The internal energy of a 
molecule may be regarded as the sum of electronic, vibrational and 
rotational energies. 

* Elite + £»wf" Ertt 

(а) Ultraviolet Spectroscopy. For each electronic level within 
the molecule, energy separation is about 100 kcal mol* 1 . Electronic 
excitation, therefore, requires energetic photons of A~ 286nm from 
UV region (200 - 400 nm). This is UV spectroscopy. 

(б) Infra-red Spectroscopy. Between two successive electronic 
levels A and B, there are a number of associated vibrational levels, 
the energy separation between them being a tenth to a hundredth 
of that between A and B. Further each vibrational level is itself 
associated with a set of rotational states with energy separation of 
the order or a hundredth of that between two vibrational levels. 

Photons from IR region (2000 - 20,000nm) have sufficient 
energy to excite the molecule from one vibrational level to another. 
In IR spectroscopy radiation absorbed causes stretching and bending 
of organic bonds. 

(c) Nuclear Magnetic Resonance (NMR) Spectra. NMR 
spectra represents the wavelengths of radiations absorbed by atomic 
nuclei ia strong magnetic fields. 

Another type of spectra we come aerpss are Mass Spectra. 
However, these are not spectra at all, according to our definition 
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of spectra, since these ere only records of muses of particles 
produced when atoms or molecules are bombarded by beams of 
electrons with eery high energies. 

3. Lain of light absorbance.—Electronic spectra of organic 
substances are most frequently recorded in solution and the Beer* 
Lambert law (Eqn. 1) expresses mathematically the relationship 
be tween the amount of light absorbed and (a) the concentration of 
the solution and ( b ) the length of the solution through which light 
puses. 


logio ■y-=«c/.(1) 

or A=txcl or *=Alcl 

wherein /„=intensity of incident light 

/= intensity of transmitted light 

c=concentration of absorbing compound in moles 
per litre. 

/= length of sample tube in cm 

a (epsilon) is called absorptivity or molecular extinction 
coefficient. A is termed absorbance of the solution 

-d=log -j- = log -j- or /=~y^ 

/is termed transmittance of solution. 

The wavelength at which a molecule has its highest absorp¬ 
tion coefficient (c»«), is designated Am. A spectrum may have 
several different maxima each with its characteristic value of *■■>. 


IV o Mf i 1. A 2xl0~* M solution of an organic compound. X placed 
in a 1 cm tube haa an absorbance (A) crf 0-63 at Xa aa —237 nm. Calculate the 
«lw of t wa for X. 

Hint. f/fc-0*«3/l X (2 x 10 - *)—31,500 

2. A solution of the lame compound X placed in a 10 cm tube has an 
nb s or b a a ee (<f)»0-21 at 237nm. Calculate the concentration of tin 
solution. 


Hat. tmia—A/lc 

01 cm *mZixT —i&>rmss " 6 ' 67x,0 '' M 

fl.u-31,300 as calculated In (I) above] 


4. Presentation of Speetmi data. —The absorption spectrum 
of an organic compound is osnally represented as a graph of sbsor* 
banco, or absorptivity (a or log «) agauut wavelength expressed in 
PM. For the sake of brevity for each absorption band pul* a»« 
And Am are reported. Whan molecular weifkt is unknowns • 
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1% 

cannot be calculated. In luch case E, , log (/«//) for 1% 

lcm 

solution of 1 cm path length is plotted against wavelength. 

Absorption maxima and absorption minima are those points 
on the absorption curve at which absorbance reaches a maximum 
or minimum respectively. An inflexion arises when a discontinuity 
or a shoulder appears upon a curve of increasing or decreasing 
absorbance. 

Instrument used for measuring the amount of light absorbed 
at each wavelength of the incident radiation are termed spectro¬ 
meters A record of the radiation absorbed by a given sample as 
a function of the wavelength of the incident radiation is term¬ 
ed absorption spectrum. 

A spectrograph makes a photographic record of the spectrum 
and a spectrophotometer uses a photoelectric cell to provides 
quantitative measure of the light intensity at each wavelength. 

A spectrometer consists of a light source, a sample holder, 
a wavelength discriminator (or monochromator) and a recording 
device. 


ZZ3* 

iQUtf 


Dmfecfos 



Fig. 12*1—Schematic diagram of a spectrometer. 

ULTRAVIOLET spectroscopy 

5. Ultraviolet Spectroscopy. —When an electromagnetic 
radiation in ultraviolet region (A 3 = 200-400 nm) or visible region 
(A*=*400-800 nm) is made to pass through a compound containing 
multiple bonds, it is observed that a part of the incident radiation 
is usually absorbed. The amount of radiation actually absorbed 
depends on the structure of the compound as well as thfe wavelength 
of the radiation. The energy of the radiation beam absorbed is used 
for excitation of electrons in orbitals of lower energy into orbitals 
of higher energy. Amount of light absorbed at each wavelength of 
ultraviolet or visible region is measured with the help of a spectro¬ 
meter. 

Modern spectrometers consist of a radiation source consisting 
of a tungsten lamp for producing visible light and a deuterium 
discharge lamp for producing ultraviolet radiations. These radia¬ 
tions are passed through a monochromator which automatically 
selects the required wavelengths. The monochromatic beam is 
split into two parallel beams one of which passes through a trans¬ 
parent cell containing very dilute solution of the organic com* 
pound. It is termed the sample beam. The second beam is direc¬ 
ted through an identical cell containing solvent only. This is 
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termed die reference beam. The intensitiei of the two tranurut- 
ted beams are electronically compared ar.d a plot of abeorbaoce 
against wavelength is automatically recorded over the desired 
range. 

Suppose the sample absorbs light at one particular wave* 
length, intensity of the sample beam emerging out of the sample 
(is) willbe less than that of the reference beam (In). There is an 
automatic electronic device to plot a graph between wavelength and 
absorbance* (A) of light. The graph obtained is termed an absorp¬ 
tion spectrum. One such spectrum is shown in Fig. 12*2. This 



200 m MO Z30 Z40 250 260 270 ZOO 290 300 310 320 
WAVELENGTH (TIM) -► 


Fig. I2'2—UV absorption spectrum for 2, 5-dimethyl- 2, 4-hexadiene. 

is UV absorption of 2 , 5 -dimethyl- 2 , 4 -hexadiene. It show a broad 
absorption band in the region 210-260 nm with a maximum at 
241*5 nm. It is this wavelength of maximum absorption (A HIU ) 
which is reported in chemical literature. 

Cell Construction, Range of Measurement and Solvents. Since 
glass cells contain impurities which absorb ultraviolet radiations. 
■Wes cells are used. Most spectrometers operate over a range of 
190-750 nm*, l.e., visible (400—750nm) and part of UV (labelled 
Near-UV in the electromagnetic spectrum shown in Fig. 12'3. 

X in nm 100 20D 400 800 2C00 20,000 


Cosmic and 
X-rays 


for UV' Near UV 


Visible 1 NearIR 

I 


IR 


micro 

wave 


Energy (kcal mol- 1 ) 286 143 11 36 14 14 

“5 (cm- 1 )- 10 T /X 100, 100 50,000 25,000 12,500 5000 500 

(nm) 

r (H*)« 

vxOxW*) 3xl0 l * t*5Xl0 15 7*5 x 10 11 3*8x 10 u i*5x 10* 4 1 5x10“ 
Fig. 12 3—The electromagnetic spectrum. 


* An older word for nanometer (nm) is millimicron f represented by the 
symbol mM. Another unit used for measuring wavelength* i* the m tgitrom 

unit g^Mived*} XI 1 wn»toV Angstrom is being gradually replaced by 
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The lower limit of 190 nm it set due to silica being increasingly 
less transparent at about this wavelength and constituents of air 
(particularly oxygen) begin to absorb strongly. Special vacuum 
techniques are needed for measurement below 190 nm. 

Solvents used should be sufficiently transparent over desired 
range of wavelength. 95% ethanol is commonly used. It is trans¬ 
parent down to about 205 nm. Cyclohexane transparent down to 
195 nm may be used in more detailed studies. In general polar 
compounds are more sensitive to change in solvent than non-polar 
ones. 

6. Electronic Energy Transitions—The absorption of 
ultraviolet and visible light by organic compounds invariably in¬ 
volves valency electrons (the only exception being organo-metallic 
compounds in which inner shell transitions of the metal atoms 
occur). These electrons may be forming single bonds (a, sigma 
electrons), multiple bonds (w electrons), unshared electron pairs 
(n-electrons in case of elements of first two rows of the Periodic 
Table) or unpaired odd electrons (present in free radicals) and 
electrons in charged ions. A sigma (o) electron is held tightly and 
a good deal of energy is required to excite it, (hat is outside the 
range of usual spectrometer. It is chiefly the excitation of the 
comparatively loosely held n and v electrons that appear in the 
ultraviolet spectrum. The modes of electronic energy changes 
which occur when radiation in ultraviolet and visible region is 
absorbed by an organic compound are summarised below : 

(a) Transition between bonding orbitals and anti-bonding orbitals 
(e-*o*), bonding sigma to anti-bonding sigma or bonding pi to 
anti-bonding pi (*-»■**) 

(b) Promotion of non-bonding electrons (unshared pair, n) into 
anti-bonding sigma (n-*o*) or anti-bonding pi (n-***). These 
involve transitions of non-bonding lone pair on a hetero atom 
(s.g., O or N) tp an empty non-bonding molecular orbital. 

The electronic transitions of maximum concern to the organic 
chemist are (a) ft-*-** in which the electrons of an unshared pair 
go to an unstable (anti-bonding) ** orbital (b) *-***, in which an 
electron goes from a stable (bonding) * orbital to unstable 
(antibonding) n* orbital 

These possible transmissions are summarised in the following 
diagram (Tig. 12 ‘4). 

The general characteristics of n-*-** bands are low intensity 
(normally less than 1500 ) and are shifted to shorter wavelength! 
by more polar solvents as well as by. electron donating groups. In 
the spectra of simple molecules n-»n* transitions require the least 
energy end the corresponding bands are of longest wavelength. 
The *-*■** bands are of shorter wavelength and o-*o* bands appear 
ip the far-ultraviolet. 

Simple chromophores consisting of multiple bonded units, 
such «s> 
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>0*C< —C=C—, —CsN, —N»N—, X>0 

undergo *—s* transitions in short wavelength regions of nitre* 
violet. (Chromophoies are units of structures which absorb selec¬ 
tive wavelengths and even small structural changes bring about 
perceptible changes in the wavelength of the radiation absorbed.) 


—Antibonding sigma (<**) 

A —Antibonding pi (*•) 

V* 

—Nonbonding n (p) 
s 

—Bonding » 

—Bonding o 
•V 

Summary of Electronic energy levels 

Fig. 12*4—Energies required for 
various electronic 
transition! 

The absorption spectrum of a simple aliphatic ketone, e.g., 
acetone, shows three absorption bands at Am».=~ 160, 190 and 280 
am. The short-wavelength band (A»«= 160 on) is due to an n->a* 
transition whereas the remaining two bands A na . -190 am and 
Am.=280 do given in cyclohexane solution sit due to and 

»-»f* transitions respectively. The n-*-w* transition involves the 
non-bonded electrons of the oxygen atom of the carbonyl group. 
Energies of these principal orbitals are shown in Fig. 12*5. 

7. What Type of Co mpounds give UV Spectrum.—All electrons 
in alkanes are lightly held in C— C or C—H « bonds and need very 
high energy radiation for excitation (A».«=135 nm in far UV region) 
and cannot, therefore, be detected by UV spectrometers; Alkanes 
are transparent in near UV region and often used as solvents for 
UV spectra of other molecules. 

Electrons in » bonds are much easier to excite than arc a 
electrons but unconjugated aticenes still absorb in the far UV region 
at 170—180 nm. In contrast the molecules with conjugated double 
bonds have strong absorption in tbe near-UV region. 




is due to the fact that excitation of electron from an orbital in a 
conjugated double bond leaves the remaining electrons free to 
spread out over all the p-orbitals. Since the excited state is stabi- 
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_ ANVBOMOmtr* 

ANTtBONOm n* 


_ NON-BONDING n(2P) 

_ BONDING n 

BONDING <T 


Fig. 12 5—Schematic represent ion or (he prtacipal orbitals 

n, tt*) of (he cmrboo)l group iD simple aldehydes and 
ketones. 

Used by resonance , it (s easier to form than (he excited state from 
an unconjugated double bond. 


Pwfclta Draw alt the resonance structure i for ike excited M9t from 
photo-excitation of 1, 3-bmtadiene. 

hr :(e") + 

[Hint CH.-CH-CH-CH, —► CHg-CH—CH-CH, 

t 

bi t - CH—CH»CH* CH| 


Write three more mch canonical form*.] 


When more than two doable bondi ire in conjugation, it ii 
easier to move an electron into an upper energy level and even 
langer wavelength* will rapply the needed energy. for polyenea 
with 7 or 8 such double bonds lies in the visible region. Even those 
with five conjugated double bond chains are often coloured yellow. 

Amm for some compounds having conjugated doable bond! are 
given below for studying the trends of chaames. , 
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Mb 12*1—‘UV spectra of MbpMMbnta 


Compound 

CH,-(CH-CH),-CH J 227 

CH.—(CH - CH). -CH, 274 

CH,—(CH«=CH),—CH, 311 

CH,—(CH-CH), - CH, 342 

CH,—(CH-CH),—CH, • 380 

O 
I 

CH,—C—CH, 270 

O 

CH, V II 

V:=CH-C-CH, 237 

CH/ 


CH, n-¥ 7t* X ma ,«324 nm (very weak) 

CH, * CH C ™ O n —Xf, aa »219 nm 

From the table given above, we find that A*,, increases with 
number of conjugated double bonds. 

Further it increases with the alkyl substituents on the double 
bonds, as shown by the examples given below : 


Athene Approximate Absorption maxima 


R v /H 

>c«c< 

Fr X H 

monosubstituted 

177 nm 

H x ,R 

trans- di „ 

183 nm 

R >°-< R 

W X H 

CIS s> .* 

r8o nm 

V 

A 

Tetra vp 

200 nm 


(R-Aftyl group) 

Spectra of cis- and tronr-disubstituted olefins show' small but 
discernible differences on the basis of which we can distinguish 
between the two isomers- 

Conjugated carbonyl compounds also absorb UV light. 
(Why?) This is since r bonds of 0*0 groups replaceC=»C 
r bonds. Aromatic molecules and molecules with unsaturated 
heterocyclic rings also absorb near-UV light and often show several 
different maxima in their spectr a. 

Absorption with »««•> 10* is termed high intensity absorp¬ 
tion and that with «*■*< 10* is low intensity absorption. Transi¬ 
tions oflow probability are forbidden transitions. 



wmmmam 


i*m 



■miniiiy et rnm 

Mote gfrorturi and 

TranaMaat 


Awns 

Example 

Eketrmie 

w 




trmujtloa 



a 

Ettume 

e -o-e* 

WET} 


a 

Water 


167 

7000 

n 

Ethylene 

IT 

165 

10,000 

it and n 

Acetone 

n -+ it* 

—150 

— 



a -* a* 

188 

1.860 



n —► it* 

279 

19 

It— “IT 

1,3-Butadiene 

75 “► It* 

217 

21,000 

Arom jt 

Benzene 

Atom k —► a* 

~ito 

60,000 



SI 

-200 

8,000 



*» 

253 

215 


Problem Write the structures of am organic compound that can undergo 
« -* w* and n -► *• transition by UV radiation. (Osrrumio B£c. 1980) 


8 . Some Other Factors which lofloene Am. 

(a) Effect of strain. Compounds with conjugated double 
bonds absorb at higher wavelengths Maximum overlap of the 
w-orbitals and consequently most effective conjugation is possible 
only when a-bond systems of the interacting unsaturated groups 
are coplanar. Factors which lead to dimmish effective conjugation, 
raise the energy required for w-* r* transitions. This is why dienes 
whose structures exhibit ring strain or molecular overcrowding 
behave anomalously, and absorption occurs at shorter wavelengths. 
This will be illustrated by A MM values of substituted nitrobenzene. 

Compound X..* c 

Nitrobenzene 252 nm 8,620 

o Nitrotoluene 250 nm 5,950 

o-Nitrocume 247 nm 3, 7 60 

The presence of increasingly balky ortho substituents hinders 
the coplanarity which the nitro group achieves with the benzene 
ring. This results in shifting A**, towards shorter wavelength. 


In a pair of cis and trant isomers, tbe latter is expected to 
achieve coplanarity of v electron system more readily and show 
absorption due to w -► ** transition at longer wavelength than the 
cis isomer. For example, 


Compound efo-lsomers frnnr Unmia 

Cinnamic acid 268* lOJOO 25? $#0 

Stiibeoc 278 9.350 2*4 21,000 

Strain decreases as we pass from cyclopentane to cyclohexane 
ring. As shown by the following compounds A m increases as the 
strain decreases. 


(i) 2-cyclopentanone 
2-cyclohexanone 
(//) 1 -Acetylcyclopentene 
1-Acetyl cydohezese 
TOC-M8M5 


Am. - 217 nm 
Am. = 227 nm 
A«u ■« 242 up 
W " IW sun 
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<b) Effect of Self formation. 

{/) la pkenl. A naa for phenol is 210*5 nm. Election transfer 
is fheUitated in the anion (C,H»0) and A maa increases to 235 nm. 

C.H.OH —► C.H.O- 

X M 210*5 nm 235 om 

00 In Aniline. Aniline absorbs at A ms =230 nm due to n-»v* 
tiansition In the case of aniiiniuir ion the unshared electron pair 
is no Irrger available for electron transfer (E T.) transition, and 
the spectrum reverts to a toluene type and A maa decreases to 203 nm. 

C,H»NH, —>• C,H 6 NH,Cr 

Imi 230 am 203 nm 

(Hi) In p-Aminobcnzoic acM. p-Aminobenzoic acid absorbs 
at 284 nm. In alkaline solution, the anion facilitates electron 
trantfrr. However, the cation present in strong acid solution 
absorbs at 226*5 nm (r/. Am for benzoic acid=230 nm). This is 
because the lime pair ol the amino group ia no longer available in 
the cation for h-mj* transition. 


COOH COOH COO" COOH 



benzoic add Anion cation 

taaa 230 am 284 nm 245 nm 226 5 am 

(c) Effect of Extended Conjugation. In a conjugated double 
bond system the excitation of electron fiom an orbital leaves the 
remaining electrons free to spread over all the p-orbitals and the 
excited at ate is stabilised by resonance. 

As n result of extended conjugation, the * electron system 
gets lengthened resulting in greater delocalization of the * electrons. 
As a result, the energy required for the transitions is tern 
and the probability of these transitions is higher. Extended con¬ 
jugation, therefore results in a shift of thr position of absorption 
by tbe system to longer wavelengths. For example W for 
CH«*-KCH»*CH)<r— CHO is 217 nm whenn=l,it is 270 nm when 
(!«■' nod 312 nm when n=3. 

(d) Effect ef Hydrogen bending. Since hydrogen bonding 
{ a bilines tbe r ited state, electron transfer is facilitated resulting 
in a shift of e position of absorptic by tbe system to longer 

vriengtbs. I «r example, hydrogen bonding la possible in the 
.4«e of o-wtrcnbenol, salicylic rwid and lalicylaldehyde. For each 
A«»* is greater man that of the corresponding m and p-derivatives. 
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Structure 

Xa^e(*n) 

u. 

Etheae 

tr<m*-3-Hexene 

i-Octeae 

CH.-CH, 

°*s c _ c / H 
h/ N^h. 

CH,(CH,),CH—CH, 

171 

% 

177 

» 5*5 JO 

10,000 

12,600 

Cyclohexene 


18a 

7 ,«°o 

Propyne 

CH,—C=CH 

1B7 

450 

i-Octyne 

CH,(CH,), C=CH 

18s 

3,000 

I, 3-BuUdienr 

CH,-CH.CH*=CH, 

«7 

31,000 

cii-i, 3-P^ntadicne 

CH,. ,CH-CH, 

>c-c/ 

W X H 

333 

33,600 

-tfroov-i, 3-Pentadiene 

i-Buten-j-yne 

CH,. M 

>c-c / 

H' X CH-CH, 

CH.-CH.C=CH 

**rs 

338 

*1,000 

7*800 

1, 3-Cyclopes tadiene 

O 

*39 

3400 

■ j- 3 - Cydohexadiena 

O 

3 S 6 

1,000 

trovif-i, $• 5-Hexatriese 

CH.-CH. -H 

}c-c' 

W V CH-CH, 

*74 

50,000 


9. Application! of Ultraviolet Spectroscopy.—Ultravio¬ 
let spectroscopy is not very helpful in the detection of individual 
func tio nal groups. It is, however, useful in predicting the rela¬ 
t ionship between different groups especially with respect to con¬ 
jugation existing between (i) two or mote carbon-carbon multiple 
(double or triple) bonds, (ii) carbon-carbon and carbon-oxygen 
double bonds or (iit) carbon-carbon double bonds and aromatic 
ring. 

Example xa'i. Two isomeric compounds X end Y have the 
molecular formula C*H,; Both of them decolorise bromine solution 
in CCl t at well as alkaline KMnO t . Both of them give cyclohexane 
(CsHrt) on catalytic hydrogenation . X shows an absorption maxi- 
mum at »$6 nm tsMls Y sfewauo Absorption maximum beyond 200 
nm. What are tbs structures «/ X and Y t 
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Solution: 

Both X and Y add four hydrogen itomi on catalytic hydro* 
gestation to yield cyclohexane (C«H U ). This shows both X and Y 
are cyclic hydrocarbons with two double bonds, ieach one 
a a cydohexadiene. 

This inference is supported by its reactions : (i) decolori- 
T « +yvn of Br f dissolved in CCl*, and (ii) decolonsation of 
alkaline KMnO ( . 

Their absorption maxima are 256 nm and <200 nm. From 
this we infer that X with higher value of Am, ^=356) is a 
conjugated diene whereas Y with lower value of A MM is not con* 
jugated. Hence X is 1, 3-cydohexadiene, 


and Y is i, 4-cydohexadiene, 




Example 12 2. Three isomeric compounds X, Y and Z with 
molecular formula (C|H ( ) absorb three moles of hydrogen on cata¬ 
lytic reduction to give n-pentane. 

Y and Z give a white ppt when passed through ammoniacal 
silver nitrate hut X does not react with it. 

X and Y show an absorption maximum near 230 nm whereas 
Z gives no absorption maximum beyond 300 nm. Identify X. Y and Z. 

Solution. 

(i) All the three absorb 3 moles of hydrogen to give 
n-pentane. From this we can infer that they are unsaturated open- 
chain hydrocarbons each containing one double bond and one 
triple bond. 

(ii) Since Y and Z give a white ppt with ammoniacal 
AgNOs, the triple bond is present at the end of the chain in each, 

C—C—C-~CasC 

(riQ Since X does not give a white ppt with ammoniacal 
AgNO» triple bond in it does not lie at the end of the c hain , 

C—C—OC—C 


(»*) Since both X and Y show an absorption maximum 
JAmO 23011m while Z gives it at 1 M <200 nm, both X and 
Y have conjugated bonds. 

(*) Now X has a conjugated system of multiple bonds and 
the triple bond ia not near the end. Its structure sW dd be 

HjC-CH—C=C—CH, 

i-Psntcn-j-jras 

CHr*-CH-»CH~CaCaJ 

* 4 tarten*i»jws 
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(vii) In Z the multiple bondi m not conjugated and die 
triple bond ia situated at one end. Its structure should be 

CH,—CH—CH,—C*CH 

i-Penten- 4 -ync 


Ami the roUowiag Qu estion s 

1 . Which it the region of greatest intercat to organic chemist for UV 
and 1R spectra ? What ia the cause of absorption in UV end IR regions 1 

(Delhi B.Sc* Horn, 1977 ) 

2. Gan ultraviolet spectral data be useful to distinguish the com¬ 
pounds in the following pairs ? Give reasons. 

(0 ethylbenzene and styrene ; 

(ii) CH.—CH-CH,—CH—CH, and GHg—CH-CH—CH-CH, 

(Delhi B.Sc. Ha ns. 1973 ) 

3. Arrange the following in the increaeing order of their UV absorp¬ 
tion maxima. 


(0 Anthracene, (ii) Ethylene, 

(iii) Naphthalene* (iv) Butadiene. (Omumia B.Sc. 197 ) 


4 . Compounds A, B and C have the formula CgH* and on hydrogena¬ 
tion yield n-pentane. Their ultraviolet spectra ahow the following values of 
*mmm * A t 176 mp : B, an mp : C, 215 mp (i-Pentene has 17 B mp). 

(i) What are the likely structures for A, B and C T 

(ii) What kind of information might enable you to assign specified 

structures to B and G T (Punjab B.Sc. 3976 ) 

5. For the three dienes given below assign with justification the Immw 
values from amongst 176 mp, an mp and ais mp. 


(a) 

(0 

6 . 

(A) 

to 


CH,-CH V V CH* CH a -CH v y H 

CHg-CH—CHg—CH—CH t (Delhi B.Sc. Hens. 19 JO) 

(a) What are the advantages of using spectroscopic methods ? 

Give the principle of UV spectroscopy in brief. 

What wavelengths are absorbed by the following groups ; 

O 

(/) —C«C— «0 -C-C-C-C- (SO -c-c 

(d) Why doe, a tomato appear red ? |Om Mnu* Dtt t£e. 

7 . What type of compound* abaorb UV r adia t taoa T 


to rapport of your i 


(0 l^batadleiM, (<0 1 
(v) tUmtUHH, in) 


boa (be foUowfa«U>t: 

m 


& 


(DM MS* 


mn 




rm 


mmrnmmmm 


а. (*)<(fr)<<ao<(fl 

l ^ 4^ A It 1,4-pcntadtone; B is e'«-l,3-pentadienfl ud C it trmu-l, 1- 

5. («) 211 mp (6) 215 mp (c) 176 m> 

б. (Q 171 am (M) 227 am «tf) 279 nm, 

T. (0, (ft) ud (W) ____ 

INFRARED SPECTROSCOPY 

19. Satroinetlnn.—Radiations in the infrared (IR) region 
from about 800 to 20,000 nm are not energetic enough to cause 
electronic excitations in most organic molecules. IR radiations, 
however, do cause stretching and beading of organic bonds. In ill 
organic molcules bonds joining various atoms can stretch and 
bend and all of them absorb infrared radiation. 

In contrast to the relatively few absorption peaks observed in 
the UV region for most organic compounds, the IR spectrum 
provides a rich array of absorption bands. Many of these bands 
cannot, however, be interpreted (assigned) accurately but those 
which can be assigned, provide a wealth of structural information 
abont the molecule. 

11. Range and Units employed. Wavelengths in IR regioo 
are usually measured in micrometres (pm) where 1/un=l0~ ( m or 
1 ®* n™. (fromeriy called a micron represented by the symbol p). 
IR region extendi from about 0 8 to 20 inn and most of the com* 
martial IR spectrometers cover the region from about 2 to 17 am. 



Fig J2’6— Range of IR spectrum 


Ordinary IR region extends from 2'5 to 15 pm (4000 to 
667cm" 1 ), The region extending from 0'8 to 2‘5 pm (12500 to 4000 
cm -1 ) is called the near infrared region whereas the one extending 
nom 15 to 200 imd (667 to 50 cm* 1 ) is termed the far infrared region, 

IR spectra ale, commonly described in terms of the frequen¬ 
cies of radiations absorbed rather than their wavelengths. Inis is 
lofical since frequency is directly proportional to the energy of the 
SJwation whereas wavelength is inversely proportional to energy. 
Ifce Most common nit ased to describe IR spectra is the wave* 
aunber,« which represents the aamber of vibrations of radiation 
per centimetre (tor*). Wavelengths in pm can be converted into 
wave-numbers by the formala 

"S-10*/A 


f.‘ Ipra-* IP's** |0~* eat 





It i* rather aaaoylag that while in UV spectra we attk* urn 
of A ia nm, for IR spectra the wits emgloyed are pm fee mw 
length(A) ead cm” 1 for wive-number (»). Workers ia respective 
fields, ere used to these units and it is difficult to persuade them 
to change for the sake of uniformity' 

12 . Molecular Vibrations aad Origin of IA Spe c t r ial .—A 
molecule is not a rigid assemblage of atoms It may be considered 
to resemble a system of balls of various masses corresponding to 
the atoms of a molecule and springs of varying strengths corres¬ 
ponding to the chemical bonds of a molecule. There are two kinds 
of fundamental vibrations in the molecules : 

(0 Stretching in which the distance between two atoms dec¬ 
reases or increases. 

(ii) Beading or deformation in which the position of the atoms 
changes relative to the orginal bond axis. 

Various stretching and bending vibrations of a bond occur 
at certain quantized frequencies. When infrared light of the same 
frequency is incident on the molecule, energy is absorbed resulting 
in increase of amplitude of vibration. When the molecule reverts 
from tbe excited state to the original ground state, flic absorbed 
energy is released as heat. 

Thus absorption in the IR region implies the occurrence of 
vibrational transitions in a molecule while it remains in its ground 
electronic state. 

A non-linear molecule that contains n atoms has 3 n 6 pos¬ 
sible fundamental vibration modes that can be responsible for the 
absorption of IR light. Regarding the molecule as a loose collection 
of atoms, each of which may have its movement resolved along 
three mutually perpendicular directions, we can see that the system 
has a total of 3n degrees of freedom Movement of whole molecule 
as a rigid unit will lake up six of these degrees of freedom, three 
translational and three rotational (two rotational in the case of 
a linear molecule). So for vibratory motion, where the atomB move 
relative to each other, we are left with 3 n- 6 ( 3 n —5 for a linear 
molecule) degrees of freedom or fundamental vibrational modes. 
For CH« and C»H«,( 3 «—6 )=9 and 30 respectively. 

In order for a particular vibration to result in the absorption of 
infrared energy, that vibration must cause a change In the dipole 
moment of the molecule. The molecules that contain certain sym¬ 
metry elements will display somewhat simplified spectra. For 
example C=C stretching vibrations of ethylene and symmetrical 
C—H stretching of the four C—H bonds of methane do not result 
in an absorption band in this IR region 

Some of the various stretching vibration modes that are pos¬ 
sible within a molecule are shown below for a typical triatomic 
molecule CO* (Fig. 12 7 ) Similarly various possible bending 
vibration modes for a typical triatomic group >CH* are depicted 
in Fig. 12*8. 
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(a) (W 

Fig. i2'7—Bond streching vibration modes for CO*, a typical triatomic 
molecule (a) Symmetric, (b) Anti symmetric. 



(a) Scissoring (In-plane deformation). The bond angle 
changes ; the carbon atom moves in and out. 



fb) Rocking (In*pUne deformation). The bond angle is constant. 



(c) Wagging (Out-of-plane deformation). Both hydrogen 
atoms move simultaneoualy up and down out.of the plane. 



id)—Twitting (Out-of-plane deformation)* One hydrogen 
atom mom up while the other moves down out of the plene« 

Fig. la'S— Bending inodes [(a) to (d)J. Molecules lilts CH f containing 
•sops then. swo atoms have hood sngies which are continuously changing like 
. mdar conditions of molecular vibration. 
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Bending vibrations generally require less energy and occur at 
longer wavelength (lower wave somber) than stretching vibrations. 
Stretching vibrations are found to occur in the order of bond 
strengths. Por example 

C=C 4*4-5 0 pm (2300-2000 cm" 1 ) 

C=C 5 3-6*7 /«m (1900—1500 cm~ l ) 

C-C, c -N & C—O 7-7—12-5 pm (1300—800 cm" 1 ) 

When single bond involves very small proton (C—H, O—H 
or N—H) stretching vibrations occur at much higher freauency, 

2*7— 3*8 pm (3700—2630 cm" 1 ) 

O—H 7*8 pm (3570 cm" 1 ). 

O—D 3*8 pm (2630 cm" 1 ) 

Absorption peaks caused by stretching vibrations are usually 
the most intense peaks in the spectrum. Some bond frequencies that 
interest the organic chemist are shown below : 


4.000cm 1 


3.000 


2,000 


I'ooo 65oem r - 


stretching 


X-H 

(XisCN.0,3 


c=x 

(Xis 

CorN 


3.700cm~ 


c-x 

ixisc, 

NorO) 


c=x 

(JUse 

I NorO) 

2,500 2.300 2,000 1,900 15001300 80000 

X-H 

(XisC, NorO) 


BENDING 


1 . 050 cm " 1 (socm 

Fig. 12‘9—Important bond frequences that interest the organic chemist. 


The complexity of most organic spectra is understandable 
when a molecule of 20 atoms would in theory have (3n—6), i.e., 54 
fundamental vibrations- However there are the following two saving 
features: 

(a) Since many of these atoms will be carbon and hydrogen, 
some of the vibrational frequencies will be coincident or degenerate. 

(b) Furthermore, a structural group of the type AX* or 
AXs having two or more identical adjacent bonds, will vibrate as a 
unit with symmetrical and antisymmetrical modes of slightly 
different energies. 

13. laatn u acatatiea. 

(/) Light Searce. A common source of light for infrared 
radiation la the Nemst glower—a moulded rod containing a mix- 
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tore of zirconium oxide, yttrium oxide aad erbium oxide that if 
betted to around 1500°C by electrical means. 

(2) Cells and Prisms. Glass and quartz as well as metals 
absorb IR radiation. IR spectrum cannot, therefore, be recorded 
in glass or quartz cells. Prisms used in the construction of IR 
spectrometers (to separate IR beams into their component wave¬ 
lengths) also cannot be made of glass. IR cells and prisms are, 
therefore, usually made of common salt (NaCl) which is transparent 
to most IR radiations. It is, however, not an ideal material for 
holding various solutions for IR studies since it is soluble in water 
and many alcohols. If damp solvents are used, they dissolve the 
cells gradually. It is also brittle and cracks easily. 

(3) Solvents. Common solvents used for IR studies are CCU, 
CS, and CHC1* but each one of these absorbs a part of the IR 
spectrum. 

(4) Technique: (a) Use of Doable Beam Spectrometer. 
Solvent absorbs a part of the IR spectrum. This can be counteracted 
to some extent by using a double beam spectrometer. This splits 
the IR beam into two halves One half of these passes through 
the solvent cell containing only the solvent while the other half 
passes through a sample cell containing the solution under exami¬ 
nation. 

Each half of the beam then falls on a separate detector 
in the spectrometer- By proper adjustment the solvent absorptions 
in the two halves of the beam cancel each other out and thus 
absorptions recorded are characteristic of the sojute only. 

Most modern spectrometers are of double beam type. The 
technique, however, is not completely satisfactory since solvents 
might absorb all the radiations at some wavelengths. Spectra 
is, therefore, taken using different solvents (e g., CCI 4 and CS 3 ) 
which are transparent in different IR regions. These are combined 
to obtain a complete spectrum. 

(6) Using Potassium bromide. Another technique is to avoid 
the use of solvents altogether. This works well with liquids which 
can be studied in thin films. 

Solids which are insoluble in CCI* or CS* are ground into 
fine powder and pressed into pellets with potassium bromide which 
is essentially transparent to (R radiation in the 2—17 pm region. 
Pressed powder pellets may, however, disperse much of IR radiation 
and give poor spectra. 

Dispersion may be partially decreased by making a paste of 
the solid powder in mineral oil or polymerised Buoroalkanes. These 
mateials, however, block out part of the spectrum. 

14. Applications of IR Spectroscopy 

(a) Detection of Functional Groups. In a given environment, 
a certain functional group will absorb IR energy of very nearly 
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the same wavelength in all molecules. For example, acetone and 
dihexyl ketone give absorption peaks at the same place. It is, how¬ 
ever, different from that for acetic acid (on account of electrical 
effect) and for cydobntanone (owing to steric effect of the ring). 


(6) Testing Purity of a Sample. Spectrum of a pure sample 
in genera) will display fairly sharp and well-resolved absorption 
bands. An impure sample will give broad and poorly resolved absorp¬ 
tion bands. It is, however, not a very satisfactory method for 
testing purity of a sample. 

(c) Study of Progress of a Reaction. For example, progress of 
oxidation of a secondary alcohol to ketone is studied by getting IR 
spectra of test portions at different intervals. Here we expect dis¬ 
appearance of O—H stretching near 2'8 pm (~3570 cm -1 ) and 
appearance of C=0 stretchting near 5'8 /*m (— 1723 cm -1 ). 

Similarly progress of any chromatographic fractionation can 
be readily monitored by examining the IR spectra of the selected 
fractions. 


(</) Establishing Identity of two Samples that have Identical 
Spectra in the same Medium. The region 7—11 pm (1430—910 cm -1 ) 
contains many absorptions caused by bending vibrations as well as 
those caused by stretching vibrations of C—C, C—O and C—N 
groups. This region of the spectrum is very rich in absorption bands, 
and shoulders since there are many more bending vibrations in a 
molecule than stretching vibrations. This region is, therefore, fre¬ 
quently termed. Fingerprint region . The region 2 5-7 pm (4000-1430 
cm' 1 ) is) termed Group frequency region. The fingerprint region gives 
a good deal of information about the structure of the molecule, 
particularly about the patterns of substitution rather than the type 
of functional groups. Since no two compounds have absolutely 
identical IR spectra, a compound can be identified from its IR 
spectra just as a fingerprint can be used to identify a person. 


Sim'lar molecules may show very similar spectra in the group 
frequency region However, these will nearly always show discerni¬ 
ble differences in the fingerprint region. For example, the isomers 


O 

C g H* x II 

;c=ch— C—CH„ 
C,h/ 


o 

CH 3 v II /CH* 

)C= CH—C—CH< 

CH» n CH. 


O 

C|H|\ II 

and pC=CH—C—CjH, 

CH/ 


have essentially identical UV spectra. Even IR spectra in the group 
frequency region nte almost similar. These are identified from their 
IR spectra in the fingerprint region. 



1236 

ttktalZ 


OaOANIC CHEMBTRY 
at 


Group 


Frequency [ware number range cm' 1 ) 


tmetftttjF 


1 . 


1. 


Alkyl 

C-H (it retch) 
Iiopropyl,—CH(CH,'i 
ferf-Butyl,—C(CHi)i 
Alkwfl 


2850-2960 

I3BO-1385 and 1365 1370 
1385-1395 and —1365 

3010-3100 


(m—#) 
« 

(»; ») 
(m) 


— ** V"' v,fc " 

C*C («r«rcA) 

1620-16BO 

(»> 

R—CH—CSit 1 

9B5-1000 and 905-920 

</) 

R.C-CH. L 

(Out-of-plane 880-900 

<*) 

c4i RCH-CHR j 

C—H bendings) 675-730 

w 

irons RCH-CHR i 

960-975 

(»> 

J. Altynyl 



smC-H (stretch) 

-.3300 

w 

CmC (stretch) 

2100-2260 

(*> 

4a Aromatic 


M 

Ar—H (stretch) 

-3030 

M 

C— C ( stretch ) 

1500-1600 


Substituted Aromatic ring 


(C—H -out-of-plane bend in r) 


Monos ubstituted 

690-710 and 730-770 

(».») 

o-Disubttituted 

735-770 

(») 

ffl- ( r 

680-725 and 750-810 

O) 

P m »t 

790-B40 

W 

*5. Alcohols, Phenols and 

Carboxylic add* 


OH (alcohola. phenol*) 3200-3600 

(broad, i) 

OH (carboxylic acids) 2500-3000 

(broad, () 

«6. Aldehydes, Ketones. 

Eaters sad Carboxylic adds 


0*0 (stretching) 

1650-1750 

(■») 

7. Amines 



N—H 

3300-3500 

(m) 

C-N 

800-1300 

(») 

*. Nitriles 



4 —Cm N 

2200-2260 

(«) 

9. Nitre Co—pounds 



-NO. 

1330-1540 Pair of strom bands 

19. Alky 1 Halides 



C—F (stretching) 

1000-1350 

(!) 

C-CJ( „ > 

650- B50 

M 

C-Br( m ) 

515-690 


C-I ( .. ) 

300*00 

(*) 


*Abbcrrlatloni mad; r—atron*. m—medium, »—variable, wiyd- 
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However, so many different absorptions occurring in the finger¬ 
print region nuke the interpretation of 1R spectra more difficult 
than interpretation in the group frequency region. 

IS. He Interpretation of Infrared Spectra.—No rigid rales 
exist for interpretation of a spectrum but certain general obser- 
atfons are helpful. 

(1) Always begin at the high frequency end of the spectrum 
and use the fingerprint region only for confirmation. 

For example, a strong band at S‘82 pm (1718 cm* 1 ) indicates 
almost certain presence of C=0 group. It could be —CHO, >C=0, 
an Bcid, an eiter or an amide. 

(2) Total interpretation of the spectrum is seldom required 
and much valuable structural information being attained from rela¬ 
tively few bands. Only 10-20% bands can usually be assigned with 
certainty. 

(3) Place more reliance on negative evidence, that is, the absence 
of absorption in. a particular region than on positive evidence, 
that is, the presence of a band which may have several possible 
origins. For example, no absorption band in 1830-1587 cm -1 
region shows absence of carbonyl group (C=0). 

(4) The limits of published ranges of group frequencies are 
often defined by extreme cases of electronic influences. A compound 
with no such influence is expected to absorb towards the centre 
of the range quoted. 

Infrared spectra of typical organic compounds are given below 
with interpretation of varions absorption peaks in each. 

(1) n-Octane (an Alkane) 



fw. ia'io—Infnnd spectrum ofit-octra*. With characteristic absorp¬ 
tion (wad for C-H stmeh in CH, t »j6e «*>( rad in CH, f^agoo cm'*) rad 
for O-H beading fwCHtW IJ7S «■*') ■** CH* <-'1470 rar*). 
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(2) 1 'Hexene (an alkeae) 

mveL£HG TH - MHXONS 

2-5 3 AS c> 7 8 9 10 


IS to XIAO 



HRS 9 «p&Sfl 



0*05 
0*10 
UiffrtO 
|[0-SO 

8o*o 

% 0 - 5 O 
$0*0 

o*eo 
uoo 
2-00 

4000 3500 3000 2500 2000 1000 1600 9400 1200 1000 600 600 400 200 

frequency-cttT' 

Fig. i3*ii—Infrared spectrum of i-hexenc with characteristic absorption 
bands for >J-H stretching (^3050); C—H stretching in CH, and CH, (3850- 
3950 cm* 1 ) ; >C-»C< (/-* 1680 cm* 1 ); CH, bend (^1440 cm" 1 ) j —CH«CH 
out*of-pUne bendings (^910 and 990 cm" 1 )- 
(3) 1-Hexyne (an alkyne) 
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Fig. 12'13— Infrared spectrum of i-hexync with characteristic absorption 
bands for *C—H stretch (^3300 cm* 1 ) ; CH f and CH t stretch (^2880- 
» 9 S 0 ) ; C-C stretch (^2104 cm" 1 ) CH, bend (<-'1470 cm’ 1 ) 

(4) Chiorohexane (an alkyl halide) 
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(S) Toluene (maBottbetituted benzene) 



WAVE NUMBER (lCm~') 

Fig. ia'M—Infrared spectrum of toluene. 


In addition to the above disubstituted benzenes, xylenes show 
some characteristic absorption bands. 

Ortho (73S"77o cm" 1 ), 

metfl (680-725 and 750-810 cm" 1 ) and 

para (790-810 cm" 1 ). 


(6) Xylene (disabstituted benzene) 
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Fig. ia - is— 'Infrared ipectrum of m-xylene. 

SOLVED EXAMPLES 

Example ia’ 3 * Identification of a hydrocarbon containing 
sevencarbon atoms Jrom its spectrum (/) given in Fig. {217. 

Solution. Since the compound is a hydrocarbon, it is useful to 
begin with C—H stretching frequencies near 3000 cm" 1 . There are 
no bands above this frequency, three types of hydrocarbons may, 
therefore* be ruled out: aromatic compounds (C—H stretch near 
$ 030)0 alkynes (a strong band at 3300 cm" 1 ) and alkanes (C—H 
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*000 9600 XOO 1000 MOO *000 MOO >600 MOO 000 >000 000 650 

w/we number (cm~') 

Fig. h‘i6 —Infrared spectrum of p-xyleoe 

stretch lie* between 3040 and 3010 cm -1 ). The main bands at 2900 
cm -1 clearly arise from C—H bond in a saturated hydrocarbon 
with smaller peaks at 2872 cm -1 on the side of the main band is 
due to symmetrical C—H stretch in a methyl group. As this band 
is not particularly strong, it suggests that only a small number of 
CH, groups are present. 

WAVELENGTH, * 



Fig. 11*17—Spectrum I. 

The absence or only weak absorption from 1500*2500 cm * 4 
confirms the absence of acetylene or olefin C— H bonds. A strong 
bend at 1450 cm ' 1 arises from the melbylene sci'soring vibration 
and is very strong in all aliphatic hydrocarbons. At 1460 cm* 1 , 
the anti-symmetrical deformation of methyl group ia alio to be 
found as due to overlapping of — CH, vibration, no conclusion 
as to — CH, group can be drawn. 

The given hydrocarbon is an alkane C,H U (heptane). The 
egad structure of heptane cannot, however, be predicted from the 
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Example I2'4- Identification of an organic compound from its 
IR spectrum (II) given below : 



WAVENUMBER (Cm''J 


Fig iz*i8—Spectrum II. 

Solution. 

The infrared spectrum II shows a strong band at 3350 ctn" 1 
(A) with shoulder (B) at 3600 cm -1 , which strongly suggests an 
— OH group. This is confirmed by a very strong band at 1050 cm -1 
(C) [see table on page 1*247]. The pc<titicn of this band suggests 
that the compound is a primary alcohol. The presence of bands 
between 2900-3000 cm 1 (D) and between 1400-1450 cm" 1 (E) 
and absence of absorptions ascribeble to en aromatic nucleus 
between 3000-3100 cm" 1 and 1500-1600 cm" 1 indicates that the 
compound >6 an aliphatic alcohol. 

Example 12*5. Classify the compound from infrared spectrum 



Fig. u* 19—Infrared Spectrum III. 

[Hints, (i) Peak ^2900 cm" 1 shows presence of alkyl group 
and absence of alkenyl, alkynyl and aryl groups. 

(ti) Broad band between 2^00*2950 cm" 1 suggests OH group 
of carboxylic group. 

<»*'*) Peaks ( 1550-1590 cm.- 1 ) due to C =»0 stretching suggest 
a carboxylate ion. 

TOC— I-4’U-I6 
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(to) Peak at 1420-1460 cm" 1 suggests CH stretching for 
CH, and CH a 

Ana. Salt of aliphatic acid. 

Example 12 6. Identify the compound C t H g O t from its 
iterated spectrum IV. 



[Hints, (i) Peak at 3030 cm -1 suggests it to be an aromatic 
compound. 

(ii) Peak at ~ 1700 cm” 1 suggests the presence of C «0 (an 
aldehyde, ketone, acid or ester). 

(tit) Peak' - ' 1180 cm" 1 suggests C—O—C stretching in an 
ether. 

(to) Small peak ^ 820 cm -1 suggests it to be a p-disubsti- 
tuted compound. 

The given compound is, therefore, p-methoxy benzaldehyde. 



Example 127. A compound of formula C a H a O has a strong 
infrared absorption band near 1693 cm* 1 . Which of the following 
structures Is the likely one for the compound : 


1. C f H 5 .CH 1 CHO 2. C e H 6 OCH=CH 2 3. 


4. C b H 6 COCH* 



C 6 H*CH—CH 
\/ 


o 


I 


(Ant. CeH B COCH a . The band 1690 cm" 1 is suggestive of 
conjugated carbonyl group in an aryl ketone.) 

Example ia‘8. How would you differentiate between following 
piirt > / compounds using infrared spectra : 




spectroscopy 


1*243 



(ii) CH,CH,CHO 
tod 

CH,-CH.CH l OH 


[Hint, (i) the absorption peaks for OH and COOH in the 
ortho hydroxybenzoic acid will be 3550*3450 cm -1 (OH intramole¬ 
cular hydrogen bonded), 3300-2500 cm" 1 for COOH group, 755 
cm -1 for 1 : 2 disubstitution and C—H stretching will be obtained. 

In 3-hydroxy benzoic acid the absorption peaks will be 
observed at 780, 700, 880 cm' 1 for C—H stretching ; <-'3610 fcr 
phenolic OH and 3300-2500 cm -1 for COOH. 


(ii) CH,CH,CHO will show absorption bands at 1740-1720 
cm -1 for C-O stretch ; 400-1000 cm -1 for C—CHO skeletal ; 

CH|=CH—CHjOH will have absorption bands at <—1050 cm -1 
for primary alcohol (C—O stretching and bending) and —9-50 for 
vinyl group, CH t =CH—(C—H stretching), 3100-3000 cm -1 for 
C=C bond 1™C — H stretching) 

Example 12 9. An organic compound with molecular formula 
CgM, decolorises bromine in carbon tetrachloride and gives a white 
precipitate with ammomacal silver nitrate solution. Its IR spectrum 
V is shown in Fig 12 21. Identify the compound . 


WAVELENGTH (MICRONS) 



jD i— i- 1-1- l 1-1 — —1-- 1-1 » ■ —» • 

*000 $500 9000 1500 20001000 1600 WOO HOO 1000 000 600 400 too 


FREQUENCY (can-*) 
Fig. la’ai — IR spectrum V 


[Hint, (i) Reaction with Bi shows it to be unsaturated. 

(ii) Reaction with AgNO ( shews it to be i-alkyne. 

(sis') Peak at «-* 3300 cm -1 shows the presence of alkynyl group. 

(iv) Peak at r- 3030 suggests the presence of ary) group. This 

is fuitber confirmed by the peak 1500 cm - ) due to C—C stretch. 

(v) Peak at 770 cm -1 suggests it to be monosubatituted 
benzene. 

Structure of the compound C,H 6 deduced from (i) to (v) is 


phenylacetylene. 


CfH|—CssCH 






Spaced region Vibrational Classification Group and Environment Wave number cm” 1 Wavelength l*ifi : /ntaniit^ 
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The C—O stretching n ihifled to lower frcqucncin by u much u as cm -1 when conjugated. 
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Answer the following Questions : 

1 . Give approximate poiition of the characteristic infrared bands in 
the following compounds. 

O O 

II I 

(0 CH»“C—CH* (ii) CH, -■ CH—CH,—C—CH, 

(vat) CH, CH| OH. (Guru Nanak Dev B.Sc., 1977) 

2 . Discuss the principle of infrared spectrum. 

(Guru Nanak Dev . B.Sc.»1977) 

3 . Discuss briefly the underlying principle in the detection of organic 

compounds by IR spectroscopy. (Delhi B.Sc. Horn. 1976) 

4 . How are the structures of the following compounds indicated in 
the IR spectral data : 

(i) Actophcnone ; (iij i-Butene ; (iii) Propionamidc ; (iv) Phenol T 

(Delhi B.Sc. Hons. 1976) 

5 . How will you differentiate between the following pain of com¬ 
pounds using IR spectra 7 

OH OH 



<ii) CH*—CH*—CHO and CH,—CH—CH,—OH 

(Delhi B.Sc. H<mj. 1977) 

6. How can spectral data be helpful in indicating the structure of the 
following compounds : 

(a) Cyclohexanone, (fc) 2-Cydohexen-:-one, 

(c) Benxaldefcyde, (d) Ethyl alcohol, 

(e) Acetic acid 1 (Delhi B.Sc. Hons. 1975) 

7 . How will infrared spectral data be useful to distinguish the com¬ 
pounds in the folic wing pairs : 



(Delhi B.Sc. Hons. 1973 ) 

8. What information can you obtain about the following compounds 
by the application of (JV and IR spectroscopy : 

(i) Acetophenone, (it) Cinnamic acid, (iii) Phenol and (iv) Be# 
■amide 1 (Delhi B.Sc. Hons. 197a) 

9 . Compound A, molecular formula C 4 H* has Ws 217 Pm. On con¬ 
trolled hydrogenation it adds one mole of hydrogen to give the compound B 
which shows absorption at 1650 cm' 1 (6*06 Pm). Under acidic conditions B 
adds a mole of water to give the compound C which can be oxidised to com* 
Pound D. C shows absorption at 3650 cm* 1 (»'7» Pm) and D at 171$ cm* 1 
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The compound D undergoes haloform reaction to yield propionic 
odd. What are the structural for the compounds A, B, C, end D T Give the 
chemical reactions involved* What functional groups are associated with the 
opeetroscopic data given above ? (Delhi B.Sc. Hons. 197a) 

10 . Which of the folio wing compounds do not absorb light above 
aoooA ? 


(0 n-Propyl alcohol, (it) Benzene* 

(iii) Diethyl ether, (iv) Methyl vinyl ketone, 

(v) Methyl alcohol. (Osmania B.Sc . 1975) 

11. Account for the fatt—Infrared carbonyl frequency in salicy* - 
■aldehyde i* lower than that of m-hydroxybenzaldehyde. (Ormnnic B.Sc. 1 975) 

12. Give the type of IR absorption band you will look for to dis¬ 
tinguish between the following pairs of compounds : 


(d) CHj—CssC—CH a and 

(b) CH v CH l OH and 

(c) (CH«). N and 

(d) CH..CH..CH..CH. and 

(e) CH..CH..CHO and 
( f ) C b H..ChCH and 

(g) CH.COOH and 

(h) CH,.CH, C=N and 


CHg-CHi—CsCH 

CH.COOH 

(CH.).CHNH* 

CH..CH..CH-CH, 

CH..CO.CH. 

C.H..CH-CH. 

CH.COOC.H. 

CH,.CH S .C=CH. 


13 . An organic compound having molecular formula C.H.O has a 
strong IR absorption band near 1690 cm Assign a structure to it. Different 
asomers of the formula C.H .0 are : 


(i) CtH.CH.CHO, 



(ii) C.H.COCH., 


(iv) C.H.—CH—CH t , 

v 


(V) C.H.O—CH-*=CH|. 

14 . Two isomers A and B of the molecular formula C.H.O give IR 
absorption band near 1650 cm" 1 and 1710 cm” 1 respectively. Assig. structural 
formulae to A and B consistent with their IR absorption bands. 

15 . IR spectrum of acetone gives two maxima due to C—H vibration 

at 1360 cm” 1 and 3000 cm' 1 . Identify the stretching and bending mode. 
Express the maxima in \i units. x (Delhi B.Sc. Hons. 1978) 

16 . Using IR spectroscopy Bhow how you could distinguish between— 

(i) o» and p-HOC.H.CHO 

(ii) C.H.COCjH. and p“CH.CgH|COCH.. (Delhi 6 . 5 r. Hon s 1979) 


17 . Illustrate the importance of IR spectroscopy to organic chemists. 

(Delhi B.Sc. Hons - 19S0) 

HINTS AND ANSWERS 
1 . (i) C—H stretching peak at 2962—285;? cm” 1 
C «=0 stretching peak at 1725 — 1705 cm" 1 
(ii) =»C—H stretching peak at 3040 -3010 cm" 1 ; 

C—H and C «0 stretching peaks as in (i) above; 

C*»C stretching peak at 1650 cm" 1 
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(iff) O—H stretching peak at 3650-35*0 caT 1 
C—H stretching peak u above. 

4 . <|) Acetophenone t L^iricttriaLic pcJt tor 
C«-0 stretching at 1725—1705 cm" 1 
C—H (aromatic) stretching at *-750 ctr 1 

(W) i-Btaene: C—H stretching peak at 3040—3010 cm " 1 ; C—H 
Stretching peak at *962—2858 cm " 1 ; C—C stretching peak at 1650 cm " 1 

(iii) Propionamide t >C *»0 stretching peak at 1690—1650 cm" 1 ; 

stretching peeks at **3500 and 340c cm ~ J ; Af—ff bending at 1620— 

t$po cm~* 

(In) Phenol: C—H (aromatic) stretching at ^ 75 ° rm" 1 ; O—H stret¬ 
ching at 3650—3590 cm" 1 ; C—O stretching at 1410—1310 cm"* 

5 . Hints, fa) In IR, O—H stretching for first at 3200- 3500 cm" 1 (week 
band and broad). For second at 3400—3200 cm" 1 (strong and broad). 

(ii) In first IR signals for C— O stretching, and C — H stretching. 

In second IR signals for O—H stretching C—O stretching, and 
■C-H stretching. 

6. (a) C—O stretching (IR peak) 

(b) UV absorption due to conjugation [absent in (a)). IR peaks for 
C—O stretching ; —C—H stretching and C—C stretching ; 

(c) IR absorption for —C—O at 1740—1 7 *o cm -1 1 -C—H (aromatic) 

H 

(d) IR absorption for G—H stretching, O—H stretching and C—Q 
stretching. It is transparent to UV. 

(t) IR absorption for C—O stretching, O—H stretching and C—H 
stretching. 

7 . (i) In the first IR spectrum will show peaks for O—H stretching 
C—H (aroro) stretching, and C—O stretching. 

In second peaks for C—O stretching, G—H (trom). 

(11) In first O—H (chelated) stretching at 3200—2500 cm" 1 , C *0 
(chelated) stretching at ^1640 cm" 1 . 

In second O—H stretching (freeVat 3400—3200 cm" 1 ; C—O (free) at 
1700—1680 cm*'. 

4 . (1) Acetophenone 1 Extended conjugation in bensenc and C-O group 
■hova by.UV. In IR ipectrum C-O tttrtching and C— H [uom| ttretching 

an ? amie Jf' E3rteDd * d conjugation with a (—) bond, outtid. 
benzene n^g shown by UV. 

In IR ipectrum peak for C-H (arom), -C-H. C-O. C-O and O-H 

(Ui) Pht i*J s In UV for benesene ring. IR for O-H, C-O, C-H(arom) 

(iv) Benzomide : UV for extended conjugation. 

IR for C-O stretching, N^-H stretching. N—H bending, CS—H (arom). 

^ W CA (A) may be an alkyne or a diene. 
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(IQ W W*7H Wtoti* the pwerace «f ft conjugated doubb 
brad, lift A cast bt i, s-butadiene* CH|—CH--CH—CH*. 

fiii) On hydrogenation there is x: 4 addition to give a* Butene# 
CHt~CH—CH — CH, <B) 

This is shove by 1 R Km <650 cm -1 for C—C stretching, 

(tv) Addition of water molecule to B gives CH*—CH t —CHOH—CH* 
1-Butanol (©• This is shown by O—H stretching at 3650 cm" 1 

(v) C on oxidation gives CH*—CH,—C—CH t (D) as is indicated by 

I 

O 

fit absorption at 17x5 cm" 1 for C«G stretching, 

(w) Structure of Dis confirmed is it gives haloform reaction and 

yields propionic acid. The products show the presence of CHfC-O group. 

10 . Above 20Q0 A is UV region. 

(1) fits) and (v) do not absorb fight in this region. 

11. In sal icy laid chydc there is chelation between C-O and or the OH 
group. This is absent in m-hydroxybcnftaldehyde. 

12 Only a representative band is given in each case. 

(a) bC~H stretch (^3300 cm" 1 ) 

(b) C—O stretch (^1760 cm" 1 ) 

(c) N—H stretch (^3500— 3400 cm" 1 ) 

(d) C«C stretch (^1645 cm" 1 ) ; C—H stretch of i»ilkcne (^3100 
cm" 1 ); CH B —CH, bend (^995, 0 s and 1410 cm" 1 ). 

(e) C—H stretch of formyl group (^2850 and 2770 cm" 1 ) 

(/) a*CH stretch (^3300 cm" 1 ) 

(g) Very broad O—H stretch (^2900 cm" 1 ) 

(h) m C—H stretch (^3300 cm -1 ), 

13 . C*H t COCH a (Acetophenone)—The IR absorption band neat 
1690 cm" 1 suggests the presence of a conjugated carbonyl group. 

14 . Various isomers of the formula C*H ,0 are ; 

(1) CH,«CH—CH, 0 H. (11) CH t —CO—CH. 



(tu) CH..CH, CHO and (w) H, r —CHOH 

A is (1) IR absorption band near 1650 l 
B is (if) ]R absorption band near 1710 cn 
(111) Gives IR band near 1740 cm" 1 and 

(10) would not give IR band near 1650 cm* 1 —these are* therefore* 
ruled out. 

15 . C-H stretching it 3000 cm’ 1 and C—H bending at 1360 cm" 1 
3000 cm" 1 ® 3*33 (i; 1360 cm’ 1 —7"35M 

16 , Hints. (0 0- gives O—H stretching band at ~ 3200 cm* 1 due to 
intramolecular hydrogen bonding, p- gives it at ~ 3610 cm" 4 due to intcrmole- 
ciatar hydrogen bonding. 

00 p-CH|CiH # COCH, shows additional characteristic band due to 
i-substitutlon at ** 610.535 cm* 1 . 


para di 
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NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY 


16. Introduction.—Nuclear magnetic resonance spectro¬ 
scopy is useful in detecting and distinguishing between nuclear 
particles present in a sample. The fundamental concept of 
it is that an alternating magnetic field can induce transitions 
between the spin levels of a nucleus placed in a fixed 
magnetic field. In this respect NMR spectroscopy differs from 
ultraviolet and infrared spectroscopy which analyse light and 
often radiations emitted or absorbed by electrons surrounding the 
nucleus. 

17. Origin of Spectra.—The nuclei of those isotopes which 
possess an odd number of protons of an odd number of neutrons 
or both show spin phenomenon and are asaociated with angular 
momentum. The momentum is characterised by a molecular 
spin quantum number 9 P such as (n*»o, i, 2 , 3 .etc). 

Those nuclei which have /=o, do not possess angular 
momentum and NMR phenomenon cannot be observed for 
them. The nuclei of 1 A G, lf O fall into this class. Nuclei for 
which include H, xl F, u C i M P and l# N, whereas Hi and 14 N 
have /*i, Boron, n B has nucleus for which 
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Fig* i*‘za—Spinning proton is associated with a magnetic field, 
i.e., it resembles a bar magnet. 

Since atomic nuclei are asaociated with charge, a spinning 
nucleus gives rise to an electric current and thus has a magnetic 
field associated with it. 

Simplest nucleus is a protoa. We limit our discussion to 
the magnetic spectra that arise from proton alone. This spectra 
is termed Proton Magnetic Resonance (PMR) spectra. 
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IB. The Nucleus in i Magnetic Field.—When a spinning 
proton is placed in a 
magnetic field H*. it' 
magnetic moment H 
may be aligned with the 
external magnetic field 
H, or against it. The 
two alignments are not 
of equal energy. Energy X&Jik 

of the proton (a) aligned fimL0 
with the magnetic field 
is lower than the proton 
(b) which is aligned 
against the magnetic 



H 0 

tlT&NAL 

MAGNET# 

F&D 


( 41 ) 



field. 


When a spinning 


PkGCESJIQNAL ORBIT 


Am Of ROTATION 


Fig. ia’aj—The two orientation* of the 
magnetic moment of a proton in 
an external magnetic field H*. 
nucleus is placed in an external mag* 
netic field, i.e., between 
the poles of a large 
magnet, the field exerts 
a torque upon the spin¬ 
ning nucleus and the 
nucleus tends to align 
its magnetic field with 
the external field. As 
only definite orientations 
of magnetic field of 
the nucleus with respect 
to the external magnetic 
field are permitted by 
quantum theory. the 
nucleus may begin to 
precess around the 
direction of the applied 
external magnetic field. 
In doing so the axis of 
the nucleus tilts in addi¬ 
tion to spinning around 
its axis and carries outs 
slow rotation around the 
direction of -the exter¬ 
nal field* The rate of precession increases rapidly -with 
stronger disturbing torque and stronger magnetic field. For 
example, hydrdgeit nuclei when placed in a strong magnetic field 
of 10,000 gauss, precess 42 million times (43 Me—megacycles) 

E er second. Most magnetic nuclei have piecessing frequencies 
etween o’i and 40 Me for fields from 1,000 to zo,ooo gauss. 

19 . Nuclear Magnetic Resonance.—Information about 
precession is transmitted outside the sample by exciting the 
nuclei with a second, small rotating r&diofrequency (R-F) field 



NUCLEUS 


&RECTION QF 
MAGNETIC pa0 


Fig, 12*14—The Nucleui preceteing a 
Magnetic Field, H*. 
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mxmlied perpendicular to the stationary magnetic Bold, H§ and 
alternating at the frequency with which the nuciear axis precesses. 

The stationary magnetic field H* gets the apinninjE nuclei 
line up and process at the alternating R-F in the directum per* 
pendicular to H t and superimposed over stationary field, causes the 
nuclei to wobble in rhytnm, i.i., in resonance from the Z direction. 

Nothing will happen as long as ihe frequency of precession 
of the nucleus and the frequency of rotation of % R-F are different 
because of the cancelling torque applied to the nuclear axia. But 
when the R*F field rotates at exactly the frequency of the nuclear 
precession, a constant additional torque is applied which causes 
the nucleus to flip (tilt) from one angle of precession to another 
about the He* The energy required to alter the preceaaional 
frequency is supplied from R-F field whenever it is exactly in 
resonance with precession. 

The detection of the change in the preceaaional frequency 
is based upon electro-magnetic induction (the sample under 
observation is surrounded by a few turns of wire with its axia 
parallel to the v-axta). The resulting nuclear magnetic momenta 
ore capable of inducing a small but detectable R-F voltage 
across the terminals of the coil. 


Since atomic nuclei are associated with charge, a spinning 
nucleus gives rise to an electric current and this has a magnetic 
field associated with it. The magnitude of the magnetic dipole (/*) 
is a characteristic value for a given nucleus. When a spinning 
nucleus is placed in a uniform magnetic field H 0 the nuclear 
magnet experiences a torque which tends to align it with the field, 
and because of the interaction of the nucleus with the main 
magnetic field, the spinning nucleus precesses about the field 
direction. Quantum mechanical calculations show that the 
allowed orientations of the nuclear magnet with respect to the 
field direction are given by al+i, so that for the proton only two 
orientations and thus two energy levels are possible. These levels 
may be regarded as alignment of the nucleus with the field (low 
energy) and against the field. The energy separation ia given by 



*•(0 


When a small magnetic field is applied at 'right* angle to the 
main magnetic field, the spinning nucleus will be tipped out of the 
main field at one instant, but half a cycle later in the precession, the 
nucleus would be tipped back into the main field. The net result 
is no change. But if the secondary field rotates at exactly the 
tame rate as the nucleus precesses, the nucleus will always be 
tipped off out of the new field (faster or slower speeds of rotation 
ot the tipping field will have no effect) and transfer of energy 
from the tipping field to the nucleus occurs. The effect is termed 
nuclear magnetic resonance. 

The energy absorbed by the nucleus is used to promote it 
to a higher energy state and to satisfy the tquation 

...(fi) 
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The frequency of the electromagnetic radiation used for tipping 
field lice in the radiofrequency range. For protona on the main 
magnetic field of 14092 gauss, tbe frequency required for 
retonance is 60 megacycles per sec (Mcps). 

1 Mc^io 8 cycles. 

From the equations (i) and (ii) it follows that 
rH 0 

v=-- . 

2W 

where r is a nuclear constant called geomagnetic ratio which has 
different values for different nuclei. For a proton, 1^=26750. 

Though in principle it is possible to maintain the main 
magnetic field H B and vary the frequency v of tipping field until 
the resonance condition is achieved, it iB simpler to keep v cons¬ 
tant and vary the main magnetic field. Therefore a pmr spectrum 
is a plot of intensity of absorption along the ordinate against field 
strength as abscissa. 

20. PMR Spectrometer.—An NMR spectrometer con¬ 
sists basically of a magnet, radiofrequency (R-F) transmitter or 

SAMPLE 


d 


Fig. ia'25—Schematic diagram of a Nuclear Magnetic 
Resonance Spectrometer. 

oscillator and a suitable detector. When a sample comprising 
atoms having nuclei with certain magnetic properties is placed 
in the magnetic pole gap and subjected to R-F field of the oscilla¬ 
tor, absorption of R-F energy (resonance) occurs at particular 
combinations of the oscillator frequency and magnetic field 
strength and an R-F signal is picked up by the detector. 

21. Number of signals obtained from a sample,— 

Absorption of R-F energy by a proton depends on its local environ¬ 
ments such as electron density at it and tbe presence of other 
protons in its neighbourhood. A set of protons with identical 
environment absorbed R-F energy at the same field strength and are 
termed equivalent. All of them will give only one pmr signal. 
Protons with different environments are referred to as non-equivalent. 
Each one of these will give one pmr signal. So the number of 
pmr signals equals the number of non-equivalent protons. 

Equivalence of protons can be judged by replacing them one 
by one by a substituent Z. If the products obtained are identical 


oturr 


LAjur 
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or enantiomers (mirror images), the protons are equivalent otherwise 
not. For example in ethyl bromide, CH$—CH,—Br, we have 
three methyl protons and two methylene protons. Three methyl 
protons are equivalent because replacement of any one of the three 
hydrogen atoms gives the same product Z—CH*—CH f —Br. 
Similarly, two methylene protons are equivalent because substitution 
of any one of these gives the same product, GH S —GHZ—Br. 
However, 3 methyl protons differ from the 2 methylene protons 
since Z-CH*—CH*—Br and CH,—CHZ—Br are different products. 
Thus GH k —CH|—B r gives two pmr signals—one of these given 
by 3 equivalent methyl protons and the other given by 2 equivalent 
methylene protons. 


Proceeding along these lines we can decide whether the given 
set of protons are equivalent or not and therefrom calculate the 
number of pmr signals. A few more examples are given below : 

Compound Nature of protons and number of pmr 

signals 

Q b C 

CH t —GH i —OH Three types of protons : (a) in CH,, (6) 

Ethanol in CH, and (c) in OH 

Three pmr signals 


a b 


CH t —GHC 1 —CH, 

2 -chloropropane 
a b c 


Two types of protons (a) and (6) 
Two pmr signals 



Three types of protons : la), (b). (c) 
Three pmr signals 


a b 

CH, V y H 

In 2 -chloro-l-propene, , there are three 

CV X H 


c 


types of protons since the two vinylic protons 6 and c are not equi¬ 
valent—the replacement of either of these would yield a pair of . 
diast ereoisomeric products given below : 



CH r 


')C=c/ Z and 
Cr X H 



(2-chl ia o p eo p -l-enc A pur of disitercoisomerie product.) 

Similarly, in vinyl bromide there are'three kinds of protons 
milted a, b and e. 2-chloro-l-propene and vinyl bromide both 
will, therefore, give three pmr signals. In 2 methyl -1 -propene, 
however, there are only two kinds of protons marked a and b . It 
will give two pmr signals. 



e * b 

Vinyl bromide 2 -MethyUI-propuw 
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Problem u'i. How many different lets of equivalent pro tone do eacb of 
the following awpeuadi have? How many aigmus would you expect from 
each compound in ittr spectrum ? 

(0 CHr-CH* (tf) CH,—CH.-CH, 

(til) CH,—O—CH, (/») CHr-CBr,—CH. 



(rf) CH. CHClCH.a 
(vllf) CHyCHO 


y° 

«x) CH,—C—OCH(CH|), (x) CH.CH.OH 

Ant. (0 one ; («) two ; (///) one ; (fv) on e ; (v) two ; (v/) three; (WO 
three ; (viii) two ; (&) three , (x) three 

22 Position of signals and chemical shift. —When a 

molecule is placed in a magnetic field, its electrons circulate and 
thus generate a magnetic field termed ponced magnetic field which 
may either reinforce or oppose the applied magnetic field. If the 
induced field opposes the applied field, the proton requires a stronger 
magnetic field to give a pmr signal. The proton is said to be 
shielded. The shielded proton requiring a stronger magnetic field 
for giving the pmr signal is said to absorb upfield. 

In case the induced field reinforces -the applied magnetic field* 
the effective field strength which the proton experiences increases. 
The proton is said to be deshielded and it requires only a smal ler 
applied field to give a pmr signal and since it requires only a smaller 
applied magnetic field, it is raid to absorb d^wnfield. 



Fig. U i6—The induced magnetic Fig, 12 ' 27 —The induced magnetic field 
field produced by circulation of dec- of the n electrons of benzene nucleus 

irons around the proton of 9 bond reinforces the applied magnetic field 

of a C—H bond opposes the applied and thus deshields the benzene 
magnetic field and thus shields the protons, 
proton. 

TOC^I4*U47 
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As a result of shielding and deshielding the position of the 
pmr sign I shifts from the position it would have had if there were 
no shielding or deshielding. As these shifts are caused by the 
circulation of electrons in chemical bonds, these are termed 
cfamical shifts. 


Chemical shifts ate measured with reference to tmt signal 
of some standard compound* The standard compound used for 
the purpose is tetramethylsilane (TMS). A small quantity of 
TMS is added to the sample while getting its pmr spectrum* 
Several reasons why TMS is used as a reference compound are ; 

(i) It has 12 equivalent protons which give an intense single 
signal. Therefore, even a small quantity of it gives a measurable 
signal. 

(ii) Silicon is less electronegative than carbon, protons of 
TMS are, therefore, highly shielded. They give a pmr signal 
in a region where few other protons absorb. Hence signal of the 
reference compound seldom interferes with the signals from other 
protons. 

(iit) It is inert and volatile . It can, therefore, be easily 
removed by evaporation after the experiment is over. 

Chemical shifts are measured in Hertz (cycles per second, 
cps), on the assumption that the frequency of electromagnetic 
radiation is being varied whereas in actual practice magnetic held 
is changed. The two, however, being mathematically related, 
this amounts to the same thing. 

Magnitude of chemical shifts in Hertz is proportional to the 
Strength of the applied magnetic field. In view of the fact that 
different pmr spectrometers use different magnetic fields (usually 
40$ 60 or 100 Mcps), it has been considered desirable that chemical 
shifts be expressed in the form which is independent of the 
strength of the applied field. 


To acbiew this end, these are expressed as a fraction of the 
total field multiplied by io® and reported as parts per million 
(ppm). 


For example a pmr signal comes at 80 cps downfield with 
reference to TMS in a spectrometer using 40 Mcps. 


Chemical shift* 

In another instrument 
be 120 cps downfield. Its 


80X10® 

~~4oXi6* a2 00 

using 60 Mcps, the same signal will 


120X10® 


Chemical shift 


60X10® 


a*t>o p/m 
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This shows that ppm units are dimensionless and indepen¬ 
dent of the radiofrequency and the magnetic field employed in 
the pmr spectrometer. Further, numerator is multiplied by 10 s 
only to avoid fractional values of ppm. 

Two scales employed to express chemical shifts in terms of 
ppm are ; 

(i) The i (delta) scale, wherein 

* _ A* (in cps) X io* _ 

353 Radio frequency used (inMcps)Xio 9 

(ii) The x (tau) scale, wherein t=io— | 

On the 8 scale, position of TM 5 signal is taken o a o ppm 
whereas on t scale it is assigned the value xo'o ppm. Most chemical 
shifts on the i scale have values between o ana — io and on x 
scale between o and io. 

Values of proton chemical shifts for some common groups 
containing hydrogen are given in Table I 2 ’ 4 . 


Example iz’io. An organic compound X gives two pmr signals 
at 75 cps and 300 cps using radio frequency of po Af cps. Calculate 
their relative positions if the radiofrequency used were 60 Mcps 
and express the same in f scale and x scale . 

Solution. 

Calculation of chemicat shift at radiofrequency 60 Mcps. 

Since the chemical shift is directly proportional to the radio¬ 
frequency, as the radicfrequency decreases from 90 Mcps to 
60 Mcps, chemical shift will decrease from 75 cps to 


90 


50 cps 


Similarly, as the radiofrequency decreases from 90 Mcps to 
60 Mcps, chemical shift will decrease from 300 cps to 

300rx 60 


90 


=200 cps 


Expressing the chemical shift in 8 and x scales : 

Signal at 50 cps in a 60 Mcps spectrometer will have 
8- ^Av^incpsLxJO^^ 50 X jg , -0 . M 


and 


and 


RF (in Mcps)X 10* 60x 10* 

<t=10—8=10—0'88=9'12 

Similarly for signal at 200 cps in a 60 Mcps spectrometer 
. 200X10* O . ao 

60X IO*" 3 33 
t-10-3'33-6-67. 
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Table 134 -Typical Pro toe Chemical 6Uft*. 


TypttfPnhm 

CkmkdSmnm 

1 

f 

Primary R—CH* 

0^ 

ri 

Secondary R a GH a 

■“3 

*'7 

Tertiary R,CH 

t'5 

«s 

Vinylic >C*»CH a 

4-6-S - » 

41—5-4 

Acetylenic —C~CH 

a-3 

7-8 

Aromatic Ar—H 


Ji‘5-4 

Be my lie At — CH* 

j -3 

7-8 

i 

AJJy/ic >C=>C— CH, 

I 1*7—1'3 

8'3—8*3 

Alkyl fluoride >CH—F 

♦-4-S I 

S'5—6 

AlityJ chloride >CH—Cl 

3—4 

6—7 

Alkyl bromide >CH—Br 

*‘7—4 

6-73 

Alkyl iodide >CH-I 

a—4 

6—a 

Alcohols >CH—OH 

3*4—4 

6—6'6 

Ethers R—O—CH< 

3'3-4 

6-67 

O 

0 



Aldehydes —C—H 

9—10 

o—I 

O 



Ketones —l^H—C— 

3-37 

7-3-8 

O 

0 

1 


Esters —C—O—C—H 

3—3*3 

7‘8—8 

Hydroxy lie* R—OH 

i-6 

4—9 

Phenolic* Ar—OH 

4—13 

(-*)—6 

Amino* R—NH, 

1-5 

5—9 

Carboxylic* R—COOH 

10—13 

(-a)-o 



aoaeas* 
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3D. Number of Peak* is the PMR Spectra and the 
Number of Equivalent Protooe.—Fig. n'lt Aset the ost 
•pectrum of p-xylene jo which magnetic field strength Is grew 
atone the abscissa in cm as well aeon a delta seals m wafca *f 


aeoce of two Vinos of protons (6 methyl tad 4 nuclear). 

Thus the number of peak* in a pmr •pectrum gives die kinds 
of equivalent protons in the compound. 


too • *00 joo *** ioo 100 0 



• to 70 6/0 60 4 .0 3-0 no 1-0 0 

6(pf>m) 

HAOSmC FfLO STRBrtTH -► 


Pig. Il'Jl-PMR spectra of p-xylene. 

24 . Peak Area and Proton Counting —Number of signal* 
in a pmr spectrum gives the number of seta of equivalent protons 
ami their positions give a clue to the types of protons. A not he r 
useful aspect of pmr spectrum is the relative in t ens it ies of these 
signals, indicated by the areas under various absorption peaks. 
The intensity of a signal is directly proportional to the number of 
equivalent protons giving that signal. Ratio between the areas 
under different peaks, therefore, gives the ratio bet amen the 
number of different types of protons. For example, in pmr spect¬ 
rum of p-xylene (Fig. Wa8), two signals indicate the two types 
of protons (6 methyl protons and 4 ring protons). Signal from 
methyl protons is bigger than the one from nuclear protoos. Areas 
under these peaks have been found to be in the ratio 3: a which 
is actually the ratio between the methyl protons (—6) and ring 
protons (—4). 

25 . Splitting of Signals: Spin-Spin Coupling.— In the 
pmr spectrum of p-xylene (Fig. ra'al), there are two signa ls each 
consisting of single peak. Spectrum of CHCJ*—CHsQ, 
1, ii a-tnchbroethaae (Fig. b somewhat different. In this 
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there ue two signals. one of which ia iplit Into two pedes and the 
secood ia split into thnt peaks. 



Fig. Ia'39— PMR •pactrum of 1,1. 3-trichloroe thane. 


Signal splitting is caused by the magnetic influences of 
hydrogens on adjacent atoms. For example signal (b) from two 
equivalent protons of —CH a Cl group is split into two peaks (a 
doublet) under the magnetic influence of the non-equivalent 
proton of the neighbouring hydrogen in the CHQ a group. 
Similarly signal (a) from the hydrogen of the —CHC 1 , group is 
split into three peaks (a triplet) under the magnetic influences 
of the two equivalent protons of the neighbouring —CH,C1 
group. This can be explained as being due to spin-spin coupling 
of the abaorbing and the neighbouring protons. 

Spin*spin splitting is observed only when non-equivalent 
proton it present in the neighbourhood. Thus no signal splitting 
is observed in the signal from aix equivalent protons of ethane. 

CH*—CH» (No signal splitting) 

Let us consider a molecule with two non-equivalent 
hydrogens H« and Hi. In the absence of H», we shall get one 
si gna l from Hi. In the presence of Hi, we shall observe eignal' 
splitting. Let us see, how 7 

Proton of the neighbouring hydrogen H» can have two 
poseible orientatiooa: 

(0 It “ay fee aligned with the applied magnetic Add H*. 
la this case the small magnetic moment of H» adds to the large 
Hw Hence the proton of H« experiences a magnetic 
ana which is a sum of these two and absorbs energy at a aughtly 
h*w ap plied fidd strength (dewnfldd) than it would have dime 
the absence of H*. 





mstmma&rt 


vm 

(*♦) It may be aligned against the applied magnetic field 
H*. In this case the small magnetic moments of H» oppose the 
large applied field, H 0 . Hence the proton of Ha expenences a 
magnetic field*®difference of these two and absorbs energy at a 
slightly higher applied field strength (upheld), than it would have 
done if Hi were not present 

Now it c^n be reasonably assumed that at any time 
probabilities of alignment with and against the applied field are 
equal. In other words, protons in roughly half the molecules of 
H* are aligned with the magnetic field and the remaining half v 
are aligned against the applied magnetic field. The signal Ha is, ' 
therefore, split into two peaks of roughly equal intensity termed as 
a 1 : 1 doublet. 
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Fig. ia'30—Signal splitting resulting from spin-*pin coupling 
with one non-equivalent proton of a neighbouring hydrogen 
atom. Actual appearance of the spectrum after splitting is as 
shown in (6), 

The distance between the two centres of peaks of the 1 : 1 
doublet is termed Coupling constant Jot measured in hertz. 
Js6 is independent of the magnitude of the applied magnetic 
field and operating frequency of the spectrometer used. 

As discussed above one non-equivalent proton (H») on an 
adjacent carbon splits the signal of an absorbing proton (H*) into 
a 1 ; x doublet. Two equivalent protons (Hs) on an adjacent 
pirbon (or two adjacent carbons) split^the signal from an absorb¬ 
ing proton (H fl ) into three peaks (a triplet). 

Both the neighbouring protons (H*) may be aligned with 
the applied magnetic field. Ho and thereby add their tiny magnetic 
field to Ho. As a result proton absorbs energy at ,a lower field 
strength (downfield) than would have done in the absence of 
the two hydrogen atoms (H»). 

Alternatively, the two protons fHs) may be aligned against 
the applied magnetic field, Ho end thus lower the strength of 
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the applied magnetic field. As a result the proton (H*) absorbs 
energy at a slightly higher applied field strength (upfield) than 
it would have done in the absence of the two H* hydrogen 
atoms. 

In addition to these, two more alignments are possible ; in 
each of these one opposes the other. In both cases one reinforces 
the applied field while the other opposes it. Their effects cancel 
each other and the applied field remains unchanged. Thus the 
signal is not displaced at all. 

Since the probability of the last arrangement is double than 
that of the first or second, the central peak of the triplet is twice 
as intense and it is termed 1:2:1 triplet. 
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Fig* ia'31—Two Protons marked H» split the signal 
of H a into a 1 : 2 ; x triplet. 

Similarly, three equivalent protons (H*) attached to the 
adjacent carbon atom in 

Hs H* 

Hj—— C — 

A. 1 


will split the signal of absorbing proton (—H.) into a 1:313:1 
quartet. 

Ru.es governing Splitting of Signals, (i) Splitting of 
signals is caused only by proteins attached to adjacent carbon (or 
carbons) provided these are not equivalent to the absorbing proton. 
In i-bromo-a, a* dimethyl propane 


CH,— C—CH, Br 
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There is no splitting of signals since the non-equivalent protons 
are not attached to adjacent carbons. 

(it) The number of peaks obtained after splitting is one more 
than the number of vicinal protons (protons attached to adjacent 
carbon or carbons). Thus one vicinal proton gives a I : z doublet, 
two give a 1:2:1 triplet, three give 21:3:3:1 quartet and 
so on. 

(tit) All the peaks of a doublet, triplet, quartet , etc., are not 
exactly of the same intensity . The inner peaks are always bigger 
than the outer ones (see Fig. 12 29). 

Example 12‘u. A compound having molecular formula 
gave the following pmr data 

(a) A singletj * 9*12 (1 o'88), pH 

(b) A singlet, t 272 (S 7*28), sH 

Give a structure of the given compound consistent twth the 
above data. (Punjab B.Sc. If, 1976)' 

Solution. 

The formula C 10 H U corresponds to the general formula of 
an aromatic hydrocarbon. 

Two signals suggest that there are only two kinds of pfotons. 
The set of 5 protons may be the protons of benzene ring. This is 
confirmed by ppm of the signal^T 272 (1 7’28). So the given 
compound is some mono-substituted benzene with side chain 
C 4 H g containing nine equivalent protons (second set). Alkyl 
group C 4 H s with nine equivalent hydrogen atoms must be tertiary 
butyl group. 

CH, 

—C—GH» 


CH* 


This is further confirmed by the value of t 9*12 (| 0*88) 
which is due to methyl protons. 

Hence the structural formula of the given compound 
QoHu is 



(t ert-Butylbenzene) 


Since both pmr signals are Binglets, this means the two kinds 
of protons- are not coupled. The above formula is further sup¬ 
ported by this fact since b it there are no protons to give spin- 
spin coupling* 
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Example la'jrc. An organic compound with molecular 
formula C 9 ff$CI 9 gave the following pmr data : 

(d) A triplet , r 5’4$ (I 4*53), 1 if 

(b) A doublet, r 3-93 (X 6*07), 2 ff 

Asrjgn a structural formula to the compound consistent with 
Us pmr data given above. (Punjab B.Sc. 1975 ) 

Solution. 

The formula C,H g Cl s suggests that it ia a substituted 
prppane (some pentachloropropane). Two signals suggest that 
it contains two kinds of protons. Two protons giving a doublet 
are equivalent. Let each one of these be named Ha. Let the 
other proton giving a triplet be named H a . 

Signal of two equivalent H» protons is split into a doublet 
by the non equivalent proton H* as a result of spin-spin coupling. 

Similarly, signal of H 0 proton is split into a 1 : 2 : I triplet 
by two H» protons. 

Structural formula of CgHgC^ with two equivalent He 
protons and one more proton H* not equivalent with He protons 
can be 


tab 

H H H 

ci—c —t—i—ci 

A A A 

I, 1 9 2, 3, 3-pentachloropropane 

In this two protons attached to carbon atoms no. 1 and 3 
are equivalent. These are, however, not equivalent with the 
proton attached to carbon atom No. 2. 


Answer the following Questions : 

1. How many group! of non-equivalent protons arc present in the 
compound CH,«=CH—CH t —OH and what ia the ratio of the number of 
protona in each group ? 

2. The compound CtH,—CH (CTJ—O-CH <CH.)-CJKi has nmr 
protona signals at a'Sa t (7*18I) 5-56 r and 5 ’57 t, Assign theec peaks to the 
protons in the compound and predict the multiplicity of each peat 

3. How many different types of nmr signals would you expect to find 
in the spectrum of each of following compounds t 



(iff) CHt GH» GHg CH t CH, Br. 
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4. Which of the fallowing cnbctoneet could give the nmr ■pectrun* 
having doublet at 1*3 ppm and a heptet at 3*8 ppm. 

(0 CH,. CH-O—CH„ 00 CH, CH, CH,CH„ 

iff. 


r iff) (f NV-CH i -CH,CH„ 


(iv) CH»—CH—O—CHCH„ (v) CH, CH, O CH.CH,. 

^H, (Lh, 

5 . Give a structure or structures consistent with each ol the following* 
sets of NMR. 

(i) CgHgCI, (<i) triplet, t 5*48 (8 4 * 52 ), iH (b) doublet, t 3*93 (• *‘07), 

(11) Qi Ha (a) singlet, t 870 (8 130), 9H (b) singlet, t 27a (1 5 ** 

{Punjab B.Sc. 11 $ M 97 SY 

6. From the following sets of pmr give a structure consistent with 
each of the following ; 

(1) C,|H 14 : (a) singlet, t 9*12 (8 o’BB), 9 H (b) singlet, t 272 (8 7*28), 5H 
(«) Cx»H m C 1 : (a) singlet, t 8-43 (8 157), 6H (b) singlet, t 6-93 (8 3-07), iR 
(c) singlet, r 273 (8 7 27), sH 

(iii) C,H n Br : (a) quintet, t 7-85 (8 2-15), aH ( 6 ) triplet, t 7-25 (8 275)^ 

(c) triplet, t 6 62 (8 3 38), 2H (d) singlet, t a 7 S (* 7'aS), 5** 

(Punjab B.Sc. JJ, 1976) 

7 - Draw the schematic NMR spectra of acetone and acetaldehyde. Is 
the separation between the peaks dependent on the applied field I 

(Delhi B.Sc. Hons. iglr) 

8 . How many proton signals would be expected in NMR spectri of 
each of the following compounds ? Indicate also the multiplicity of various 

signals. 

(a) CHi-O-CH, (b) CH.-CH,—OH 

(c) CH t —O—CH,—CH t (Delhi B.Sc. Hons. 1980^ 

HINTS AND ANSWERS 


1. Five ; Ratio 1 : 1 : 1 : 2 ,|k. 

2, ala t Phenyl group, singlet. 

$’56 t methane, quartet. 

8*57 T methyl, doublet. 

> . (0 3 <W 3 (m> 5. 

4 . (iv)—diiaopropyl ether gives heptet-doublet signals. 


pane) 


5 . («) CiHiGla is CHCI a *CHGI.GHCI| (1,1,2, 3, 3-penU-chloropro- 


CH, 


(ii> C^Hisb 


C.H,—CH, 


(un-Butylbo&Moe) 
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CM. 

C. (i) uC^r-e-CH, (i.) U cyi < --CM i -CCak-CH, 

U CH. 

(lit) i. C^H»—CH,—CH|—CH,Br 

7. Far a achematic MMR spectrum of acetone draw a singlet at ppm 
fa-rs (6 protons). 

For that of acetsldehyde draw a doublet at ppm I a—a‘5 (3 protons) and 
another quartet at ppm I zo—is <1 proton). 


S. (a) One, singlet 

(b) three—triplet (for CH t ); quartet (for CH*); singlet (for OH) 

(c) three—singlet (for OCH,); quartet (for CH t ); triplet (for CH § ) 


26 . Mass Spectrometry. Mass spectrometry is the most 
ac c urate method for determining the molecular mass of a compound 
and its elemental composition* With this information, we 
can arrive at the molecular formula of the compound as well as 
tiie structural data. 

When vapour of a compound, in high vacuum, is bombarded 
with a moving oeam of high energy electrons (*w 70 eV), ionisation 
of some molecules occurs. In one form of ionization, one of the 
valency electrons of the molecule is knocked out resulting in the 
formation of a radical cation (a positively charged ion). 

Molecule + e" (Molecule)* 4 * 2 e~ 

Radical cation 

The positively charged ion is also called molecular or parent 
ion and designated as M+ or P+, It is positively charged molecule 
with an unpaired electron. 


Energy required to knock out an electron (inonization poten¬ 
tial) is only about 10-15 eV. Energy of the electron in practice 
being 50-75 eV f the molecular ion is formed with an excess of 
energy which is large enough to break it down into a mixture of 
neutral and positively charged fragments. 

Each kind of ion has a particular mass to charge ratio or 
m/e value. For most ions, the charge is 1, so that m/e (mass to 
charge ratio) is simply the mass of the ion. 


All positive ions are accelerated in an electric field and then 

e assed through a magnetic field when these get separated. Ions 
iving the same mass-to-charge ratio are, thus, collected into beams. 

' The set of ions is analysed in such a way that a signal is 
obtained for each value of m/e, the intensity of each signal reflects 
the relative abundance of the ion producing signal. The largest 
peak is called the base peak, its intensity is taken as zoo and thn 
intensities of other peaks are expressed relative to it. 

Maas spectra can be used in two general ways: 

( 4 ) to prove die identity of two compounds f 


JW 1 MMC 0 IY I'fetyl 

ft) to establish the structure of • new compound. 

Man spectrum helps to establish the structure of a new com¬ 
pound in: 

(i) giving an exact molecular mass. 

(it) giving a molecular formula—or at least narrow the possi¬ 
bilities to a few. 

(iii) indicating the presence in a molecule of certain structural 
units. 


Gases, liquids and solids may be used in determination of 
mass spectra. Solvents are not normally needed or used. 



Fig. 12-32—Schematic diagram of a masa spectrometer. 

The fragmentation of organic molecules follows certain 
patterns which are very useful, in determining the structure of the 
molecule. First of all, the particles of hisrhrv*- mass usually corres¬ 
pond to the molecular mass of the original molecule. The 
molecular ion immediately tells the molecular mass of the 
compound. Secondly, the fragmentation of the molecular ion 
often gives carboeatoons of characteristic masses, e.g., the bom¬ 
bardment of ethiBbl vapours by a high-energy electron beam 
follow8 the course shown below : 


CH,—CH,—OH + «“-*- CH,—CH.—OH + 2e‘ 

m/e=46 (M+) 

-v CH, . + CH,=OH 

m/s—31 (M-rj) 

CH,—CH—OH -w H* + CH,—CH=OH 

I V* 

H m/s-45 (M-i) 

CH,—CH,—OH + e" [CH,—CH,—OH] t +2e‘(M + ) 

[CH,—CH,—OHf‘ -♦ HO* + CH,—Clf, 

m/s—2? {M-ij) 
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Only a few of the many possible decomposition paths have 
been given above. 

spectrum of ethanol is shown in Kg. 12 - 33 . It shows 
only the most intense lines. 



10 20 90 40 SO 


m/e 


Fig. 12-33— Mass spectrum of ethanol. 


QUESTIONS 

1 . What is the principle underlying mass spectroscopy ? 

2 . To what uses are the mass spectra put 7 



Appendix 

NEW TYPE QUESTION BANK—I 

I. What h the purpose ot: 

(a) adding one or two porcelain pieces during distillation of 
a liquid 7 

(b) taking glass beads in fractionating column in fractional 
distillation 7 

(c) recommending slow heating in case of sublimation or in 
the determination of melting/boiling point of an organic 
compound 7 

(d) the addition of CuS 0 4 and KjS 0 4 during kjeldahlising 7 

(e) use of sodium metal in Lassaigne's test 7 

(/) boiling with cone. HNO, while testing for halogens 7 

(g) platinum chloride in the determination of molecular 
weights of bases 7 

(h) AgNO* in the determination of molecular weights of 
acids 7 

(t) oxidised copper spiral in the combustion tube in estima* 
tion of carbon and hydrogen in organic compounds ? 

(j) vacuum desiccator in the purification of organic com¬ 
pounds 7 

(h) determination of melting/boiling point of organic 
compounds ? 

а. (a) What is the principle underlying chromatography 7 

(b) Name the fixed phase and the stationary phase in the 
following : 

(i) Column chromatography, (ii) Thin layer chromatography 
(ui) Partition chromatography, (iv) Gas chromatography. 

(c) What is Rf value 7 

(d) What is a gas chromatogram ? 

3. What is the principle underlying zone refining 7 

4. What is the UBe of mixed melting point in identification 
of organic compounds ? 

5. Name various quantum numbers. Write their possible 
values for an electron in the M shell. 

б . State Pauli's exclusion principle. How many electrons can 
there be in tbe following orbitals 7 
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(j) i ii (ii) i p, (Hi) a ** (**') a P» M a d, 

(vi) 3 s, (vii) jp, (viii) 3 d, («) 3 /* (*) 4 *> 

(xi) 4P, (xii) 4 d> (f iO if 

7. What is aufbau principle ? 

8- State the working rule for deciding which one of the two 
given orbitals is of lower energy 

9. Arrange the following orbitals in the order of increasing 

energy: 3s, 3p, 3d, 41, 4p, 4d, 4/, 5*, sp 

10. What is the physical significance of 4 > and 4 »* 7 

11 How does electronegativity of an atom affect the polarity 
of bond it forms ? 

12. Which of the following compounds do you expect to be 
ionic 7 Give the electron dot structures for each. 

(i) NaBr, (ii) MgCl,, (iii) PH„ (iu) NF„ 

(v) S,C 1 „ (in') H.S, (vii) CH,C1,, (viii) CH,OH. 

(ix) CC 1 «, (x) CO,, (xi) HCN, (xii) H.O,. 

13. What is dipole moment ? How does it vary with elec¬ 
tronegativity difference between the constituent atoms ? In what 
units is dipole moment expressed 7 

14. Indicate the direction of the dipole moment, if any, in 
the following compounds : 

(i) HF, (ii) CH,CI„ (tit) CHCI„ (iv) CC1 4 , (v) Br, 

(w) CH,OH, (hi) H.O, (viii) NH, (ix) (CH,),N, (x) IC 1 . 


15. Dipole moments of HC 1 and HF are 1*63 D and vy 5 D 
respectively. How do you account for the difference ? 

16. How can you account for the following ? 

({) CC1| has no dipole moment but CHCl, has 
(ii) BF, has no dipole moment but NF, has. 

(iii) CO, has no dipole moment but SO, has. 

(iv) Dipole moment of NF, is 0-24 D while that of NH, is 

*■46 D. 

(«) PF, has no dipole moment but IF, has. 

17. How can you distinguish between the following on thk 
basis of dipole moment ? 


Cl 

H 


\ 

/ 


C-C 



\ H 


(i) 


and 


Cl 

H 


> 


(ii) 



18. (a) What is the first condition for the formation of CD* 
valent bond between two atoms ? 


orbital? ** a aigmi bond orbital or localised molecular 
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(c) What it the nature of spin of the two electrons occupy¬ 
ing an orbital ? 

(d) How do you account for the bonding force between two 
atoms joined by covalent bond 7 

( e ) How is strength of a covalent bond related to the extent 
of overlapping of two orbitals ? 

(/ ) Out of 5 and p orbitals which will form a stronger bond 
and why ? 

19. What are the sigma and pi bonds 7 

20. Give the orbital electron representation of the 
following : 

(i) Carbon atom ( ground state and excited state) ; 

(ii) Nitrogen atom ; (iii) Oxygen atom 

21. Write structure of one organic compound in each of the 
following : 

(i) containing an sp hybridised carbon. 

(it) containing a ir bond. 

(iii) containing all sigma bonds. 

(its) in which all atoms lie in the same plane. 

(1/) in which all atoms lie in a straight line. 

22. Draw orbital diagrams for the following molecules : 

CO„ CO, H—C=N 

23. Is an 5 orbital directional ? 

24. Define the following: 

(a) Bond length, (b) Bond energy, (c) Bond angle. 

25. What is the difference between dissociation energy and 
bond energy ? 

26. What is a hydrogen bond ? Give names of three com¬ 
pounds showing hydrogen bonding. 

27. Hydrogen bonding is important only when both eh ctro- 
negative stoma come from the group : F, O, N. £.’1 plain why 7 

28. Explain why-* 

(a) Glycerine is far more viscous than ethanol. 

(b) Hydrogen sulphide is a gas whereas water is a liquid. 

(c) Methanol is quite soluble in water while carbon tetra¬ 
chloride is insoluble in it. 

29. Melting point of NaCl is much higher than that of AlCl a . 
Explain why 7 

30. What is an acid according to 

(0 Bronsted-Lowry definition, (ii) Lewis definition 7 

31. What is a Bronsted-Lowry base and a Lewis base 7 

32. What are conjugate acid and conjugate base 7 
TOC-MSM* 
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3 ). What ii the relation between the strength of an acid 
and it*conjugate base? 

34 . Knowing K. values of two acids, how will you tell which 
is stronger acid ? 

' 35. Knowing pK« values of two acids how will you tell 
which is stronger acid 7 

37. Name the type of orbital used for bonding in the central 
atom of each of the following and predict the geometrical con¬ 
figuration for each : 

(a) NH, (b) CH 4 (e) NH 4 + (d) H.O (e) H.S (/) BF ( " 

38. The order of bond lengths in the halogen acids is : 
HF<HCl<HBr <HI: the order of their dipole moments is.' 
HF>HQ>HBr>HI. Offer an explanation. 

39. C—O and B—F bonds are known to be polar. How will 
you account for the zero dipole moment of CO, and BF, 7 

40. Predict the relative acidity of— 

(a) methanol (CH,OH) and methylamine (CH,NH,) 

(b) methanol and methanethio] (CH,SH) 

(c) H* 0 + and NH 4 + . 

41. Which is the stronger acid of each pair : 

(a) H.O+ or H,O p (6) NH/ or NH„ 

(c) H.S or HS-, (d) H ,0 or I~ ? 

(e) What relationship is there between charge and activity 7 

43. Arrange the members in the following groups in the 
order of basicity 


(6) HF, H.O, NH„ 

<d) F~, Q-, Br~, I-, 

(O H.0+, H,0, OH-, 

W CH.OH, CH,NH„ CH,F 


(a) F-. C1-, NH.-. CH-, 

(c) OH-, SH-, SeH-. 

(•) Hfi, HS-, S\ 

(I) NH,. NH.-, 

43 , Whit is Bronstcd-Lowry acid is : 

(a) HQ dissolved in water. 

(b) HQ (unionized) dissolved in benzene 7 

(c) Which solution is more strongly acidic 7 

44 . Write a short note on : Effectiveness of overlap. 

tjst s sasr?' to holdfo,bwi "‘ - 0 "- 

(i) Nitrogen molecules, 

(ii) Water molecules, and 

(iii) Sodium emoride molecules ? 

two eSm^e ? 4 d ° y ° U und " ,tand b V lhe tcrm ‘resonance’? Give 
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47* Arrange the following in the order of decreasing basic 
strength: . 

(CHOaCHO, CH b O, (CH a ) 8 0 , HO 

48. Indicate the difference between inductive effect and 
elcctromeric effect giving one example in each case. 

49. Why is ethylene a planar mo/ecu/e and acetylene a linear 
molecule ? 

50. How do the bond length and bond strength vary in the 
following case r C—H, C—*C # C=C, CeC, C—Cl 

51. Classify the following as Lewis acids or bases giving 
reason for your answer : diethyl ether, bisulphate anion. 

52. What shapes are associated with the sp, sp 1 and sp 1 
hybrid orbitals ? 

53 ' On the basis of the concept of hybridization of atomic 
orbitals, predict the shapes of BeF a and BF 3 molecules. 

54. The bond angles in NH S , H 3 0 and CH 4 are 107°, io 4 ' 5 * 
and 109*5° respectively. How can these valueB be justified if sp* 
orbitals are involved in each case 7 

55. Arrange the following acids according to increasing acid 
strength, giving reasons for your answer: Isobutync acid, pro¬ 
pionic acid, a-chloropropionic acid, fl chloropropionic acid. 

56. How do bond length and bond strength vary in following 

cases: C—C, C=C, C-Cl ? 

57. Write down thi canonical forms of the following 
structures : 


CO H 3 N—CH**CH—CH=CH 3 (u) H 3 C=CH-CH~ 0 . 

58. Write down : 

(0 The conjugate base of nitromethane, 

00 The conjugate acid of isopropyl alcohol* 

59 Write down the different canonical forms of (0 acetamide, 
(ti) methyl vinyl ketone. 

60. The dipole moment of C0 3 is zero and that of diethyl 
ether is 112D. Predict the shape of these molecules and indicate 
the direction of the dipole moments in each case. 

61. Carbon-carbon double bond is shorter than carbon- 
carbon single bond. Explain why* 

62. Carbon-carbon bond distance in benzene is intermediate 
between the bond distances in ethylene and ethane* Account for 
this. 

' 63* Write down the electronic structure of formaldehyde 
end indicate the "a electrons"* electrons 11 and "n-eiectrons (i.e.* 
noc-bonded electrons)" in it. 
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64. Classify giving suitable explanation, die following com* 
pounds as Lewis acids, Lewis bases, neither or both : 

CO Aici„ 00 BF„ (iii) NH, (to) C.H., 

(w) H.O, (oi) C,H,ONa. 

65. Arrange the following in the ascending order of: 

(a) Acidity : HCIO,, HCIO, HClO,, HClO, 

(b) Basicity : ( i ) CH,OH, HOH, NaOH, B(OH), 

(it) CH.OH, NH„ (CH,),NH, (CH,) s O, CH,NH, 

(tit) F-, Cl", Br", I- 

(c) Polarity : CH.Cl, CH,C 1 „ CHCI„ CC1,. 

66. Draw resonance structures for the following : 

HCO," CO,*", NO,-, H-C<f? , C.H., (f ^>-6 

x O _ 

67. In the given pairs which of the two would be more 
stable 7 



9 © 

(c) CH,—CH.-CH, . CH,=CH—CH, 

68 . Which of the following would you expect to be 
(a) Stronger acid : (i) CH,COOH, ClCH.COOH ; 



(b) 


Stronger base : (i) C,H,NH„ 




69. Which is stronger effect in the following, inductive 
effect or hypcrconjugative effect 7 

(i) CH,=CH—CH,-Br; (ii) CH,=CH-CH,-OH 

70. What is responsible for the following fact: the greater 
the number of alkyl groups attached to the doubly bonded carbon 
atoms, the more stable the alkene. 

71* Which u more stable of the two alternative resonance 
stabilised structures in each pair ? 






1278 


ORGANIC CHEMISTRY 


78. Are the following names correct in the IUPAC system? 

(a) 3-Pentyne, (b) Octanediol 

(c) i, 6-hexadiene, (d) tert-butanol 

(e) 3, 4, 4-trimethyl-i-hexyne (/) 2-keto-n-propanol. 

79 • Write structural formulae of the following : 

(i) 4-hydroxy-3-pentenoic acid, 

(ii) 6*ethyl-2-methj l-4*isopropyloct-2-ene 
(Hi) l, 5-hexadiene 
(tv) 4-Methyl-2-pen tyne. 

80. Write IUPAC names for the following t 
(0 CH,.CH,.CH,.CH.CH,.CH, 


I 

CH,OH 

(ii) C=C CH,.CH s OH (tit) CH- 


I 

CH, 


-CH 


COOH COOH 


CH, 

COOH 


(iv) CH,CH,.C CH, C.CH, 


O O 

(v) (CH,),CH—CH=CH—C=CH 
(vi) CH a —CH . CH, . CH=CH . CHO 
I 

NH, 

81. Define isomerism. Name five types of structural 
isomerism giving one example of each. 

82. What is the difference between tautomerUm and 
resonance 7 

83. Which of the following would show geometrical 
isomerism ? 

(a) 2-Butcne, (b) i-Pentene, (c) 2-Pentene, 

(d) 4-ethyl-2 methyl -3-hexene (e) 2-Methyl-2-butene. 

84. Name the conformation of each of the following formulae** 
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85. Judge whether the following IUPAC names are correct : 

(a) a-ethylbutane (c) 2, 3*dimethylbutane 

(c) 3-dimethyl pentane ( d ) i-bromoethanoic acid 

(e) diethylaminobenzene. 

86. Illustrate, with formulae, the difference in the use of 
terms primary, secondary and tertiary, 

(a) as applied to classes of amines and as applied in names 
of amines, (b) as applied to alcohols. 

87. In how many stereo-isomers can 

HOOC—CHOH—CHOH—COOH exist 7 

88. Lactic acid exhibits optical isomerism whereas propio¬ 
nic acid does not. Explain why 7 

89. How will you differentiate between Enantiomers and 
DiasUreoisomers 7 

90. What i9 the difference between configuration and 
conformation ? 

91. What is the difference between racemic and meso form 7 

92. Different conformed of dichloroethane cannot be 
isolated. Explain why ? 

93. What is polarised light ? 

94. Whal is the requirement of a compound to show optical 
activity 7 


95. Give the absolute configuration at each of the chiral 
carbon atoms in the following two compounds : 

H OH 


CH 




NH, 


CH,—C—H 

Ah 


and H-C—CH,OH 

boon 


96. Out of chair and boat conformation of cyclohexane, 
which one ia more stable and why 7 


07. How many isomera of 2-iodobutane are possible 7 
Why 7 (Madras fi.Sc. 1976) 


98. 0 38 g of the silver salt of an organic dibasic add on 

Ignition gave 0*216 g of silver. Find the molecular weight of the 
add. (Madras B.Sc„ 1976) 

99. Write down the possible structures of the compound 

C.H.C 1 and name them. (Madras fi.Sc. 1976) 

too. Suggest explanations of the following reactions ; 

Br ,/light 

(a) Isobutane-- t-butyl bromide 


HC1 

(b) CH, . C«CH, - ■ ► 


t-butyl chloride 


(Madras fi.Sc. 1976) 
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ioi. What is the physical significance of a wave function ? 

(Madras B.Sc. 1977) 

*oa. State the Pauli exclusion principle. (Madras B.Sc « 1977) 

103. What is the function of magnetic quantum number in 

describing structure of an atom ? ( Madras B.Sc. 1977) 

104. Correct the errors in the nomenclature of the follow¬ 
ing : 

(0 3*3*6-T rime thy 1-5 -ethylheptane. 

(it) 2-Ethylpropane. 

(its) 2, 4.4"Trimethyl-3-ethylpentane. ( Madurai B.Sc. 1976) 

105. Grade the following in the order of decreasing acid 
strength. Give reasons. 


(a) HF, HC 1 , HBr and HI. 

(b) HOG, HCIO,, HClOj and HCIO4. (Calicut B.Sc. 1975) 

106. _ Give suitable explanation for the following : 

(i) 2<Butanol on dehydration gives 2-Butene. 

(ii) text. Alkyl halides usually react by S N 1 mechanism. 

(Delhi B.Sc. Hons. igj$) 

107. How will you define an acid in terms of (i) Bronsted- 
Lowry and (ii) Lewis concept^ 7 Give suitable examples. 

(Delhi B.Sc. Hons . 1978) 

108. Give reasons and state which is the stronger acid in 
each of the following pairs : 

(0 H.O+ or HjO ; (ii) NH 4 + or NH, ; 

(Hi) H a S or HS' ; ( iv ) H f O or OH' 7 

(Delhi B.Sc . Hons. 1978) 

109. Label the following with R and S notations : 


(i) COOH 
H—C-OH 
H—t!—OH 

dooH 

Objective Type Queitlona : 
Select the correct answer : 



(Delhi B.Sc. Horn, 1978) 


1. A carbocation rearrange! Itself to give a more stable 
cjubocatit t. In this rearrangement the migrating atom or group 

leaves as 

(a) & free radical. (b) a positively charged ion, 

(c) i negatively charged ion. 

>■ Which of the following is an electrophile 7 

(a) A 1 C 1 .-, (b) BC1„ ( c ) NH,, ( d) CH.OH, 

3. A nucleophile must necessarily have 

(a) an unpaired electron. (b) a lone pair of electrons. 

(c) an overall positive charge, (d) an overall negative charge. 
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4. Which of the following statements doe* not apply to • 
free radical chain reaction : 

(a) It may be initiated by ulti aviolet light. 

(b) One mole of product i* obtained for each mole of free 
rmdicala produced in the initiation atep. 

(t) It is not affected by changea in polarity of the solvent. 

(d) It i* inhibited by the presence of certain substances. 

$• Main product obtained when propene reacts with 
chlorine at 725K is : 

(a) CH,.CHC 1 .CH,C 1 (b) CH.Cl CHCl.CH.Cl 

(c) CH,Cl.CH=CH, (d) CHCl-CCl.CH, 

6. In the dehydration reaction given below the hybri¬ 
disation state of carbon atom changes from : 

CH,CONH, -^i* CH,.C=N 

(a) sp * to sp*, (b) sp to sp\ 

(c) ip* to jp, (d) ip to fp*. 

7. Most stable carbocation obtained as an intermediate 
product during dehydration of i-butanol (CH,.CH,.CH,CH,OHl 
is ; 

0 © 

(a) CHs.CHt.CHa.CH,. (b) CH.-CH.-CH-CH,, 

© © 

(c) CH..CH, CH, CH„ (d) CH,.CH,.CH,.CH,. 

8. Number of stereoiaomeric forms of the compound, 
CH,CH=CH.CHBr.CH, is 

(a) Three, (b) Six. (c) Two, (d) Four. 

9. Which of the following compounds can occur in 
enantiomeric forms : 

CH, 

(a) CH,—CH—COOH <b) CH,.CH«CH.CH,CH, 

NH, NH, 

(c) CH.-CH—CH, (d) CHj.CH,—duH—CH, 

10. Which of the following statements is false ? 

(a) A tertiary carbocation is more stable than a primary 
carbocation. 

(b) A tertiary radical is more stable than a secondary 

radical- 

(e) A primary carbocation is more atable than secondary. 

(d) A secondary radical is more stable than primary. 

ti. Hie pmr spectrum of CH,—CH*—O—CH*—CH, 
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(a) two peak* (both triplet*) 

(b) four peaks (all doublets) 

(c) two peaks (one triplet and the other doublet) 

(d) two peaks (one triplet and the other quartet). 

12. The prar spectrum of a compound shows the following 
peaks ? 

(») A singlet, 3 H (8 7 - 22 ) ; 

(ft) A singlet, 2H, (8 3 * 59 ) ; 

(Hi) A 1 : 3 : 3: J quartet. 2H (S 2'77) ; and 
(iv) A I :2: 1 triplet, 3H (8 0 977), 

Which of the following structures correspond to these peaks ? 


(a) 




5. (c) 6. (c) 7. (*) 

9. id) 10. (c) II. <d) 


4 . ( b ) 
8. (d) 
12. (d) 
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Alkanes or Paraffins 

1. Nomenclature of the Paraffine. —The class n a ® e 
saturated aliphatic hydrocarbons is alkanes or paraffins- The 
paraffins are represented by the general formula and arc 

given this name because they are quite non-reactive. The name 
comes from the Latin words parum (=little) and qffinie (affinity). 
There are at least three systems in use for naming paraffins and in 
all the three, the class suffix remains -anc . 

(i) In the trivial system of nomenclature, the straight-chain 
paraffins are termed normal usually abbreviated to n-; those with a 
CHgy 

br&nched-chain like ^CH—CH* (containing a tertiary carbon 

CH/ 

atom—one directly linked to three other carbon atoms) arc termed* 
iso whereas other containing a quaternary carbon atom (attached to 

CH,. /GH 8 

four other carbon atoms), e.p., are called neo. 

ch/ x ch. 

The first four paraffins have special names related to their 
history ; from the filth onwards the names follow the Latin or Greek 
numerals which indicate the number of carbon atoms in the molecule 
as given below : 


Formula 

Name 

Formula 

Name 

CH| 

Methane 


Nonane 

C,H« 

Ethane 

Ci A, 

Decane 

C.H. 

Propane 

ChHii 

Dodccane 

C|H|* 

Butane 


Etsocane 

C|H tl 

Pentane 

C||H| B 

Tnacontaoe 

QjHs4 

Hexane 

C«Hm 

Pentacontane 

C, Hu 

Heptane 

Mu. 

Heptacontane 

C$Hi» 

Octane 


Octaneontane 


The univalent radicals which are formed by the removal of one 
hydrogen atom of the paraffins are termed alkyl groups or radicals 
(Seepage 1'113). 

(ii) According to another system, branched-chain paraffins are 
named as substituted methanes. The most highly branched carbon 
■tom is termed the methane nucleus and the alkyl groups attached 
to this carbon atom are named in alphabetical order. Thus every 
name indicates the structure of the compound. 


TOC-li'Wd 
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(nt) In the IUPAC lyittm, the longest possible straight 
chain is selected and the paraffin is named as the derivative of this 
alkane. The carbon atoms constituting the straight chain are so 
numbered that the numbers , used to indicate the positions of side-chains, 
are the lowest possible. Various groups present are arranged alphabeti¬ 
cally. For example. 


dHa—CH—fcH|—fcH| 

2-methylbutanc 

(Right) 


CHg—CH—(?Hi— 

<!», 

3-methyl but a dc 
(W rong) 


A few examples of the three systems of nomenclature are given 
-below : 


Formula / System 

GHa.CHa.CHs CH. n-butanc 

&H».CH.(fH|.C?H B Isopentane 

i:H. 

CH, 

i I, i i Neohexane 

CHg—C—-CH,CH* 

£h. 


// System 


dimethylethyl 

methane 


tnmethyl- 

ethylmethanc 


III System 
butane 

2-methyl- 

butane 


2 . 2-dimcthyl- 
butanc 


Four branched alkanes have trivial names recognized in the 
1957 IUPAC Rules. These arc : 


CH 3 —CH—CH, 
CH, 

Isobutanc 


CH 3 —CH,—CH—CH, 
CH, 

Isopentane 


CH a —C—CH a 

I 

CH, 

Neopentane 


CH,—CH,—CH,—CH-CH, 

<!:h, 


Isohexane 


These names are, however, to be used only for the unsubsti¬ 
tuted alkanes. 

2 . Occurrence.—The most important source of alkanes is 
petroleum or the natural gas associat ed with it. Fuel gases obtained 
from coal, t.g coal gas, etc., contain these hydrocarbons in small 
amounts. Methane is formed during the decay of plants or animal 
tissues. 

3. General Methods of Preparation. —One of the charac¬ 
teristics of a homologous series is that its various homologues can be 
prepared by similar methods. This gives rise to the general methods 
of preparation of a particular homologous series. The general 
methods of preparation of the paraffins are given below : 
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(0 By heating a mixture of the aru.^*nu$ tedium eaU of a fatty 
aeid with eoda lime 1 (NaOH-f CaO). 

_ CaO 

Rj COONa + NaO |H-► RH + Na,CO, 

Sod. salt of Soda A Paraffin 

the fatty acid Lime 

CaO 

CHjCOONa + NaO|H —► CH, + N^CO, 

SodTaceiate A Methane 

For the lower homologucs the yield is good but it is poor for 
the higher ones. The process of elimination of carbon dioxide from 
a carboxylic acid is known as decarboxylation. 

(if) By redwing alkyl halides {dissolved in acetic arid), by dissol¬ 
ving metals, e.g zinc and acetic add or hydrochloric add, zinc and 
sodium hydroxide, zinc-copper couple,f or aluminium amalgam and 
ethanol, etc. It is no longer considered that ‘nascent’ hydrogen is 
the reducing agent. It is now believed that reduction is due to 
electron transfer from the metal to the substrate. 

Zn -► Zn*+ + 2 e“ 

from Zn/Cu couple electron 

RX+ e- X + R- !*R: 

R : +C*H 5 OH-* R—H+’OC.H, {g^.g.)X 

Alkyl halide may also be reduced catalytically using palladium 
as catalyst {catalytic hydrogenalyeis ). 

RI + H,-►RH + HI (v.g.) 

Iodides are conveniently reduced by heating with concentrated 
hydriodic add ( 57 IK HI) at 425 K under pressure in a sealed tube. 

RI + HI—-►RH + I a (y.-ex.) 

Primary and secondary alkyl halides may be conveniently 
reduced with lithium aluminium hydride, LiAlH c . It is quickly 
oxidised by water vapour in the air, so it is used in a dry organic 
solvent. Alkyl halide is treated with LiAlH A and the intermediate 
complex is hydrolysed with dilute add. 

4 RX + LiAlH 4 —* 4 RH + LiAlX* 

(tit) By treating alkyl halide {preferably the bromide or iodide ) 
solution in dry ether with metallic sodium (Worts Synthesis— 1854 ), 

• Soda lime is obtained by saturating lime with caustic soda solution and 
drying the product. This serves to dilute the strong action of caustic Boda. It 
does not etch glass like caustic soda. CaO stands for soda lime here. 

The delta symbol (A) indicates the application of heat. 

t Zinc-copper couple consists of the pieces of zinc coated with copper 
obtained by immersing zinc pieces in copper sulphate solution. It is a valuable 
reducing agent. Similarly, aluminium amalgam is obtained by dipping small 
pieces of aluminium foil in mercuric chloride solution. The couple or the 
amalgam obtained is washed thoroughly with water and then with aloohoL 

t The yield of certain reactions is given by arbitrary symbols in parat- 
theses which have been explained in the prefect. 
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Two molecules of the alkyl halide react with two atoms of sodium 
and a hydrocarbon containing double the number of carbon atoms 
Present in the alkyl halide is pi induced. 


R |X + 2Na + X |R — 
Alkyl halide Alkyl halide 
one molecule second molecule 

CH-J r + 2 Na + I |CH,—< 

Methyl Methyl 

iodide iodide 


► R—R + 2NaX 

Paraffin 

CH,—CHj + 2 NaI 
Ethane 


If instead of one alkyl halide, a mixture of two different alkyl 
halides (say, CH|I and C,H,I) is taken we get a mixture of three 
hydrocarbons. 


CH S |L± 2 _Na.t.J|C,H i .—► CH 3 -C,H s + 2 NaI 

Methyl Ethyl Propane 

iodide iodide 


Two molecules of CH a I will react to give C g H a (ethane) as 
given above and two molecules of ethyl iodide will react to give 
butane. 

This reaction has been found to give good yielh for paraffins of 
high molecular weight containing even number of carbon atoms. 
With tertiary alkyl halides the reaction generally fails. Methane 
cannot be prepared by this method . 

Mechanism of the Reaction. Two mechanisms have been suggested for 
the Wurtz reaction. 

(a) Intermediate formation of an Organo-metallic compound. Formation 
of n-butane from ethyl iodide can be explained as follows : 


C.H.-I + 2Na —► C,H,Na + Nal 

Organo-mctalhc cpd. 


C.H.Na + C.HJ —► C-Hg-QH. + Nal 
n-butane 

(6) Intermediate formation or Free radicals. For example, the above 
reaction can also be explained as under : 

C,H|—I + Na ~p C.H, + Nal 

Free radical 

C.Ht* + C.H.- —p C.H.-C.H, 
n-butane 

Free radicals also undergo disproportionation , i.e. t one radical ulus 
hydrogen at the expense of th? other which loses hydrogen. 

CgHi* + CjH|* r " p C|H| + C|H| 

Ethane Ethylene 

This accounts for the presence of ethylene and ethane in the butano 
obtained by Wurtz synthesis. 


Themis sufficient evidence in favour of both the mechanisms, 
po setbie that both am involved simultaneously. 
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(iv) By tte electrolysis of a concentrated aqueous solution of the 
alkali (sodium of potassium) salt of a fatty acid (K.oIb*'« electrolytic 
reaction—1648). 

At anode : 

RCOO R 

+ — ► | +2CO t +2e" (electrons lost to anode) 

RCOO R 

Two ions of Paraffin 

fatty add 

At cathode : 

2H,0+2e*—► 20H“ + H*f (electrons accepted from cathode) 

The yields are g^sjg. if only a single substance is electrolysed. 
Methane cannot be prepared by this method . 

MmSwAb af the Reaction. The Ddasian of the reaction Is not dear. 
PoaaibJe median an wmsted a tin intermediate formation of Free Radicals. Poa 
example, formation of e-butane, ethane, ethylene and ethyl propionate, 




C.H.COON. * C,H)COO- 4- Na+ 

C.H.COO- —^ C|HfCOO‘ 4 1 Ow electron 
Propionate Free propionate given to anode 
ton radical 

Free propionate radical further breaks up into the ethyl radical and 
Carbon dioxide ( Fragmentation ). 

C^H.COO--► C,H,* + CO, 

Free ethyl radicals then give 

(/) w-butane, by combination 2C,H,'-► C,H,—C,H, # 

(If) ethane and ethylene by disproportionation 

C,H*‘ ■+■ C,H,‘ ——► C,H, + C|H, and 

(Of) ethyl propionate by combination with free propionate radical. 

C,H|COO* + C,H,* —► C.H.COOQH. 

(a) By heating an alcohol ROB, or a carbonyl compound (aldehyde 
or ketone) with excess of concentrated hydriodic acid at High temperature, 
under pressure in a settled tube . The reduction is usually carried out 
in the presence of a small amount of red phosphorus which regenerates 
the hydriodic acid from the iodine formed. 

Red P, 420K 

ROH +2HI-^ RH + H,0 + I, (p.-e».) 

Alcohol Paraffin 

Red P, 420K 

CHj«CO.GH t + 4HI -► CH a .CH g .CH 3 +2I 1 +H 1 0 

Red P, 470K 

RCOOH + 6HI-► RCH a +2H a O + 31* 

Carbonyl compounds (preferably ketones) may also be reduced 
with amalgamated zinc and concentrated hydrochloric add 
(CSemmtnsen reduction) and fatty adds by heating with hydrogen 
winter pressure in presence of nickel catalyst. 
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*- ;H+ 

ROOR - -» 

Ni 

R'COOH + 3 H,-► 


RCHaR 

R'CH, + 2 H t O 


The yield is very good for higher alkanes. 

(*i; By hydrogenation of wuaturated hydrocarbons is pre sence of 
ftnelyAivided nickel at S 70 K —(Sabatier and Sender— Reaction). 


C.H*. 

Olefin 


+H, 


NI570K 


Paraffin 


(ec.) 


Ni, 570K 

CH,=CH I +H t -» CH,—CH, 

Ethylene Ethane 

Ni, 570K 

GHaaCH +ZH,-- CH,-CH, 

Acetylene Ethane 


No unsaturated hydrocarbon contains only one carbon atom, 
hence this method cannot be used to prepare methane. 

(vii) By the action of voter on Orignard reagent (.Alkylmagnesium 
halides). An alkyl halide [preferably an iodide) is heated with dry 
magnesium powder in dry ether and the Orignard reagent so obtained is 
then decomposed by wader. 

Dry ether 

RI + Mg-R—Mg—I (Orignard reagent) 

+ h 1 oh x OH 

-► RH -f-Mg< ( a.g .) 

M 

,H, + H|OH y OH 

-► CjH a +Mg<^ 

Ethylmag* Water Ethane 

nesium iodide 

(viii) Long-chain alkanes can be prepared by coupling of 
alkylboranea (see page 2 28 ) in presence of AgNO t containing 
NaOH at 300 K. For example 

6CH,(CH,),CH « CH,-►[ 2 CH,(CH,),CH e -),B 

1-Pentene Pentylborane 

AgNO, 

-*- 3 CH,(CH,),CH,-CH,(CH,),CH, 

NaOH Decane 

4 . General Physical Properties of the Paraffins.—The 
paraffins from C, to C, are colourless, odourless gases while G, to C,, 
are colourless, odourless liquids and higher ones are solids. They are 
insoluble in polar solvents like water, but soluble in non-polar sol¬ 
vents, e.g., various organic solvents like alcohol, ether and benzene. 
Their solubility decreases with increase in their molecular weights. 
Other physical constants (e.g., melting points, boiling point!, density, 
etc.) show s regular gradation. This, however, holds good only for 
the normal paraffins. The processes of boiling and melting require 
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overcoming the intermoiecular forces of a liquid and solid; the boil* 
ing points and melting points rise because these intermoiecular fo rc es 
increase as the molecule gets larger. The boiling point increases bp 
20 - 30 K for each carbon added to the chain. The increase in melt¬ 
ing point is not so regular. This is because intermoiecular forces in 
a crystal depend not only upon the size of the molecules but aim 
upon how well they fit into the crystal lattice. They are all len 
dense than water (highest density about 0’8). 

In the case of isomeric paraffins, the normal one always has the 
highest b.p. and m.p. Generally, greater the branching in a paraffin, 
the lower is the boiling point. 


Nmm 

M.P. 

B.P. 

Name 

MJP. 

BP. 

Methane 

89K 

111 -6K 

Isobutene 

114K 

261 K 

Ethane 

101K 

1847K 

fl-Pentane 

1438K 

309 K 

Propane 

83'IK 

2285K 

Isopentane 

113K 

301'IK 

n-Butane 

134-7K 

27245K 

Neopentane 

253K 

2t2*5B 




with even number of carbon atoms have higher 



nave their end-carbon atoms on opposite sides of 

Odd-numbered C-chain Even-numbered C-chatn 

Alkanes with even number of carbon atoms 




so as to 



The position of IR absorption region of CH group (stretch) 
in alkanes depends on the nature of carbon atom (whether primary, 
secondary or tertiary). Various regions are: 


C—H StrttcforvQ absorption frequencies : 

-CH a 2975—2950 and 2885-2860 cm* 1 (m) 
>CH t 2944*-2915 and 2 B 7 Q —2845 cm" 1 (ns) 

7CH 2900-2880 cm' 1 (ic) 


C—H Deformation absorption frequencies : 

—CH, 1470-1435 (m) and 1385-1370 cm" 1 (m) 
>CH, 1480-1440 cm" 1 (m) 

Skeletal vibration. : 

iso, Me,CH— 1175-1165 cm- 1 (a) 
neo, Me,C— 1255-1245 cm" 1 (a) 

5. General Chemical P r operti es of the Paraffin*.— 

Under or dinar y conditions, the paraffins are quite inert toward* 
common reagents such a* adds, alkalis and oxidising agents. It has* 
however, been shown in recent years that the paraffins are reactive 
if the right conditions are used. The general reactions shown bp 
them are ; 
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( 1 ) HakfMMtioa. Chlorination is brought about by light, 
■heat, or catalysts (called halogen earners, e.g., iron filings) and the 
■extent to which chlorination occurs depends largely on the amount 
•of chlorine used. For example, during chlorination of methane in 
■diffused sunlight the four hydrogen atoms are successively replaced 
by chlorine atoms. 

CH, + CVHC 1 + CH.CI {methyl chloride) 

CHjCl + C1,-*>HC1 + CH^CI, {methylene chloride) 
CH,C1, + Cl,-*-HCl + CHC 1 , {chloroform) 

CHC 1 , + C 1 ,-*HC 1 + CCl. {carbon tetrachloride) 

This type of replacement reaction is known as substitution. In 
• su bsti tut ion reatdion, an atom or a group present in a co mp o und is re¬ 
placed bp another without the compound undergoing any change in its 
structure. The products thus obtained are called substitution products . 

In higher members mixtures of all possible isomeric mono* 
chlorides are obtained. According to Marbowniboff ( 1875 ) the order 
of substitution is tertiary hydrogen • > secondary > primary. 

Bromination is similar but not so vigorous as chlorination. 
With iodine the reaction is reversible. 

CH4+I t **CH t I+HI 

Iodination is, therefore, carried out in the presence of an 
oxidising agent such as iodic acid, nitric acid, mercuric oxide, etc., 
which destroys the hydriodic acid as it is formed 

5 HI + HICV^I.+SH,© 

Direct fluorination is usually explosive (c/. chlorination of 
methane in bright sunlight which is also explosive)* 

CHg+lF, -+ C+4HF 
CH4+2C1, -► C+4HCI 

1 of Hatogenatloa (See Part 1 , Chapter JO , page 1*162) 

Halogenation of paraffins is an oxidative process . Oxidation 
involves complete or relative loss of electrons by an atom. Before 
halogenation, the electron pair constituting the O—H bond is nearly 
equally shared between the two atoms. After halogenation, the 


Hydrogen atoms attached to primary, secondary and tertiary carbon 
atoms are known as primary, secondary and tertiary hydrogen atoms, respec¬ 
tively. A carbon atom is termed primary, secondary or tertiary according as It 
is attached to one, two or three other carbon atoms. For example, in the Isth 
jmtane given below: 

P T S P 
CR,—CH—CH,—CH, 

a 



Isopentane 


item tut flow p i tatty carbon atoms, one secondary carbon atom and one 
‘tertiary carbon atom. In this compound there are nine primary hydrogen 
totem* attached to three primary carbon atoms. Similarly there are two second* 
‘ary hydrogen atoms attached to one secondary carbon atom and ode tertiary 
iiaftirogea atom attached to the tertiary carbon atom, 
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electron pair of die C—X bond is nearer the halogen atom. The 
-carbon atom has thus loBt some share in the electron pair and is 
said to be oxidised. 


(2) Nitration. Paraffins react with nitric acid under certain 
"Conditions when a hydrogen atom is replaced by nitro group, NO a . 
The process is termed nitration. Nitration is carried out in vapour 
phase between 420-720K when a mixture of all possible mono- 
aitro derivatives (obtained direct Or after chain fission) is obtained. 
Tor example! by nitration of propane, we get 


CH $ .CH 1 ,CH i - 

Propanc 


HNO, 


►CHrCH^CHg NO,* CH..CH.CH, 

l-oitropropane 

2-nfttropropLic 


+C f HaNO a + CHjNO, 
nftrocmane Nitrom*thanfc 


The ease with which-various hydrogen atoms are replaced is In 
accordance with the MarkownikofTs rule for halogenation. 


( 3 ) Sulphonation. When a normal paraffin from hexane on¬ 
wards is treated with oleum, a hydrogen atom is replaced by a 
aulphonic group, —SO s H. The process of replacement is known as 
aulphonation* The ease of replacement of hydrogen atoms is : 
tertiary > secondary > primary (c/. halogenation and nitration). 
For example, sulphonation of isobutanc yields 2-methyl*2-propanc- 
xulphonic acid. 

(CH,),C [H + HO I.SO.H -* (CH,),C.SO,H+H i O 
Itobutane Oleum or 2-Methyl-2-propane- 

fuming sulphuric sulphonic add 

acid (fi,S0 4 +SO.) 

(4) Oxidation, (a) COMBUSTION. Paraffins readily burn with 
a non-luminous flame in excess of air or oxygen to give carbon di¬ 
oxide and water. These form explosive mixture with air or oxygen. 

CH|+ 20 f -* CO.+ 2 H.O 
2 C,H t + 70 t -f 4 CO.+ 6 H.O 

(ft) OXIDISING agents, e.g., alkaline potassium permanganate, 
-readily oxidise a tertiary hydrogen to a hydroxyl group. For 
instance, isobutane gives terl-butyl alcohol when oxidised. 

KMnO. 

(CH,) l CH+[ 0 ) -► (CH t ),COH 

itobutane rerr-butyl alcohol 

A tertiary carbon atom it oxidised with relative ease because the alkyl 
groups are weakly electronegative as compared with hydrogen and possess i 
relatively low attraction for electro nr. Thus the electron density about n tertiary 
carbon atom is relatively high and accounts for its oxidation with relative case. 

(e) Catalytic Oxidation of methane gives methanol, CH,OH 
and formaldehyde, HCHO whereas that ofhigher homologues (€}«—) 
produces long-chain facty acids. 
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(i) When, a mixture of methane and oxygen In the ratio 9 it 
it compressed to 100 atmospheres and passed through copper tubes 
at 470K, methane is oxidised to methanol, 

2 CH 4 + 0 , -*> 2CH.OH 
Methanol 

(ii) When methane mixed with oxygen is passed over a heated 
catalyst, s .g., molybdenum oxide, it is oxidised to methanai. 

CH 4 + O t -► HCHO + H.O 

Formaldehyde 

Manganese 

(tii) 2RCH, + SO, -► 2 RCOOH + 2 H t O 

Higher From acetate Higher 
alkane air 37O-430K Tatty acid 

(d) Slow Combustion. Recently it has been found that when 
methane or ethane is treated with oxygen at high pressure and com¬ 
paratively low temperature, the hydrogen atoms change to (OH) 
groups successively, the end products arc CO B +H t O. 

O O -H t O 

CH|-► CHnOH-► CH b (OH) b -► HCHO 

Methane Methanol Formaldehyde 

o Jo 

CO.+H/D*-HCOOH 

Formic add 

( 5 ) Thermal Decomposition, Pyrolysis or Orsddng 

When vapours of higher paraffins are passed through a hot metal 
tube ( 775 - 975 K), it breaks up to yield smaller molecules. For 
example, on cracking propane, the possible products are : 

C.H. + H 4 «— C,H S —► CH # + C*H 4 -+ 2 CH«+C 
Propylene Propane Methane Ethylene 

Large quantities of high-boiling fractions of petroleum am 
converted into low-boiling gasoline by cracking. 

Propylene and hydrogen are produced from propane as a result 
of fission of C—H linkages whereas methane and ethylene are 
obtained due to the fission of C—C linkages. 

In the case of higher alkanes fission of C—C linkages occurs 
more readily. The presence of catalysts (like oxides of chromium, 
vanadium and molybdenum), however, accelerates the fission of C—H 
linkages. Pyrolysis in the presence of catalysts is used in the manu¬ 
facture of alkenes. 


i of cracking is still obscure. Out of the many mochaoisma 
— , t tbo one via the formation of free radkah fe highly favoured. Fdr 
example, hi the cracking of propane, 


CH b CH b CH i CH|CH b —CH t +H' - 

Propane 

Disproportionation 

Cgr^+OH,- -> 


CH,CH-CH,+H t 
,+ CH* 
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Hi 


( 6 ) 
chloride »t 
iple, 


K'Alkua when heated with aluminium 
570 K isomerise to give branched-chain alkanes. For 


CH,CH,.CH f .CHj.CH,.CH i 

rt-hexaoc 


A1C1./570K 

Isomerisation 


CH a CH, 

CH t .CH,CH l .CH r CH,+CH l .CH 2 .CH.CH|.CH, 

2-mcthylpcntane 3-mcthylpontane 


( 7 ) Aromatisation. Paraffins containing six or more carbon 
atoms when heated under pressure in presence of suitable catalysts 
get cyclised to give aromatic compounds. For example, »-hexane 
when passed under pressure over a heated catalyst (chromic oxide 
carried on an alumina support) at 750 - 770 K gives benzene and 
hydrogen is set free. 


/CH, 
H,C CH, 

H,C CH, 

\/ 

CH, 

n-Heunc 


Cr.OJAl.O, 

750-770K 


CH 

✓\ 

HC CH + 
hA CH 

Benzene 


+H, 


/CH, 

H,C CH..CH, 

H,i CH, 

\/ 


CH, 

n-Hcptane 


Cr.O./Al.O, 

750-770K 


CH 

✓\ 

HC C.CH, 

hA CH 

Toluene 


+ 4 H # 


6. Thermodynamics and Kinetics of the Reactions of 
Methane with Halogens.—As stated on pages 2 ’ 12 and 2 ' 13 order 
of reactivity of halogens in the substitution reaction is 

fluorination > chlorination > bromination>iodination 


The relative reactivity of one substance towards another is 
measured by the rate at which these two substances react. Fluorine 
its most reactive and if special precautions are not taken, fluorina¬ 
tion of methane is explosive. Chlorination can be easily con- 
rolled, bromination is slow and iodine is very unreactive. 

Mechanism of chlorination of methane has been discussed on 
page 1 ‘ 162 . Assuming that the mechanisms for fluorination, bromina¬ 
tion and iodinadon are the same as for the chlorination of methane, 
we can account for the order of reactivity of the halogens on th* 
bests of thermodynamic quantities and Eaa for the various 
steps involved in helogenetfon in each case, 
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Ihwiaatlm AH (kj mol' 1 ) 

(») F,-*2F* +1591 

(is) F+CH^HF+CH,* -133-9 

(in) CH|‘ + F 1 -^CH I F+F* -2929 


Eon (kj moil" 1 ) 
+ 1591 
+5-1 
•null 


Overall AH—426 6 

The chain-initiating step (i) in fluorination is highly endo- 
thermic and has, therefore, a high energy of activation (=+1591 
kj mol -1 ). If rate of reaction were dependent only on this step, 
fluorine would be very unreactive. One chain-initiating step is 
followed by thousands of chain-propagation steps ((it) and (tii)] 
which in fluorination have very small energies of activation. As a 
result, the high activation energy of step (i) is not an impediment 
to the fluorination reaction. 

If a chain reaction has to proceed, the chain-propagating 
steps must necessarily have low energies of activation If it is not 
so, the highly reactive intermediates (free radicals) will be consumed 
by the chain-terminating steps before the chain progresses very far. 

Overall heat of reaction, AH for fluorination is very large. 
As the reaction proceeds, heat of reaction accumulates in the 
reaction medium raising its temperature thereby. At higher tem¬ 
peratures there will be more chain-initiating steps and thus 
additional chains. 

These two factors, viz. (i) the low energy of activation for the 
chain-propagating steps and (it) the large overall heat of reaction 
(AH), account for the high reactivity and explosive violence with 
which fluorine reacts with methane. 

Chlorination AH (KJ mol -1 ) E„ct (kj mol" 1 ) 

(i) C1,-*2C1- +242-7 + 2427 

(it) Cr+CH 4 -*HC1+CH,* -+4 2 +15-9 

<«») CH,-+Clj-t-CH.Cl+Cl' -106-7 small 


Overall AH=-102'5 

On the basis of thermodynamic quantities AH and Em, we 
can explain why fluorination is more rapid as compared to chlori¬ 
nation as follows : 

(») Higher energy of activation of the first chain-propagating 
step in chlorination (£»*(=■ +159 XI mol -1 ) as compared to mat of 
the corresponding step in fluorination (Em™ +5*1 XJ mol -1 ). 


(») Greater energy required for the chain-initiating step in 
chlorination (Em™ +242'7 kj mol -1 as compared to much lower 
£•**■+159-1 XJ mol' 1 for fluorination) also has some effect. 

(**») Most important role is played by the much greater 
overall beat of reaction in fluorination (AH>—426 8 kj mol" 1 so 
compared to —102*5 XJ mol -1 for chlorination). 
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Afl (KJ mol" 1 ) ltd (KJ/mor 1 ) 
«) Br a ~»2Br +192*5 +192*5 

(it) Br*+€H 4 -^HBr+CHi' +69 +77*8 

m (3H.*+Br t ^C2H i Br+Br* -100 * small 

Overall AH-^31'4 

First chain-propagating step in bromination has a very 
high energy of activation (J?«i= + 77'8 kj mol"" 1 in contrast to 
+ 15'9 VJ mol -1 for chlorination). In comparison to chlorine, 
bromine is, therefore, much less reactive towards methane. 

Iodinatlon (KJ mol~ l ) B* e t (KJmol-* 1 ) 

(t) I,-rfH“ +150*7 +150*7 

(it) I +CH^HI+CH,* +129*7 +1402 

(its) CH a ' + Ij-^CH a I + r —83’7 small 


Overall AH-+460 

First chain-propagating step in iodination has much higher 
energy of activation even when compared to bromination (+140*2 
KJ mol"" 1 versus +77 8 KJ mol -1 in bromination). Iodination is, 
therefore, not a feasible reaction experimentally. 

From the above discussion it is clear that the chain-initiating 
step in not responsible for the observed order of reactivities : 
F f >Cli>Br,>I,. Fluorine is much more reactive than iodine 
even though iodine-iodine bond is weaker than fluorine-fluorine 
bond and on the basis of this bond strength alone, iodine would be 
the most reactive of the halogens. This is not so in practice. 

We further notice that energy of activation of the first chain- 
propagating step determines the order of reactivities of the halogens. 
As J for this step increases from F to I, the fraction of collisions 
With energies greater than the energy of activation, decreases and 
consequently the reactivity decreases. 



Fig. 131—The fraction of coUiuoni with energies greater than the ene r gy of 
activation at three different E»t values is indicated by the ana of the 
shaded stri p e xtending from pomt axod.b to i and c to impactisdy. 
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V. OydodkMw, Cydwwnfflw w Wymfcytow .— 
These are closed chain hydrocarbons with general formula GJHsa. 
Thus they are isomeric with olefins but saturated and quite stable. 
These are named after corresponding alkanes with the same number 
of carbon atoms or according to the number of the methylene groups 
In the molecule. For example, 


CH, H.C-CH, 

/\ I I H.C-CH, 

H,C—CH, H,C—CH, | | 

Cyclopropane Cycfobutane or H,C CH, 

or Tritnelhylene Tctrameihylene \ / 


CH, 

/\ 


H.C CH, 


H,C CH, 

\/ 


CH, 

Cydopentane or 


CH, 

Cyclohexane or 


Pentamethylene Hcxamethylene 


A brief mention of cycloalkanes is made at this point. A 
complete discussion of these hydrocarbons will be found in a sub¬ 
sequent chapter. 

Cyclopar&ffins resemble paraffins in their physical properties 
but have higher boiling points and greater densities than the corres¬ 
ponding alkanes. 

Cyclopentane and higher members are quite stable and resem¬ 
ble alkanes. Cyclopropane and cyclobutane rings are comparatively 
leas stable and break when these compounds are treated with bro¬ 
mine in sunlight or with hydriodic add. 


QUESTIONS 

■hmy Typo : 

1. Docribc general methods of preparation of alkanes and discuss thois 
properties. 

2. How do the physical properties of the members of the methane series 
of hydrocarbons vary with increase of the number of carbon atoms 7 What are 
their chemical c h a ra ctc ri stici 7 

3. Write notes on : 

(o) Sabatier mud Senderens reaction. (6) Wurtz Synthesis. 

(r) Kolbe's Electrolytic method. (d) Isom er ism of ■frenf, 

4. How will you prepare the following : 

(e) iv-Butane from ethyl bromide. (b) e-Hexane from a-butyric add. 

(c) Isopentane from Isoamyl iodide, id) Ethane from acetylene. 

(e) Ethane from propane and vice versa 1 

5. Explain the mechanism of halogenatlon of alkanes. What possible 
evidence you can give fee support of the suggested median ism 7 

(PmtfabBSc, 1976 , 74) 

6. Discuss the free radical mechanism in case of hatogenation of 
alkanes. What have you to say in support of this mechanism 7 

In the halogenation of methane with chlorine and bromine atoms, the 
beats of the reactions under the same conditions ate given as below: 

CI +CHg —► HCt+CHr ; AH —f42kj, E M ,~15-9kJ. 

Br+CHg —► HBr+CH,'; AH'-+69kJ, E« B , is not given. 

cen you predict about the relative rates of the above reaction! 
with the information provided above 7 Give reasons for your answers. 

(As nfrBJU.im 



ALKANES OR PARAFFINS 


2*15 


7. Writ* a abort aeto obi Relative rata of halogenatton of- 

to tamaofboaddbaodatioa aoerg)r. J 973) 

I. Chlorination of a-butaoe to the pr — b oob of light gives a mistum 
hung CB par cant of 2-chlorobutane and 32 par cent of 1-cfaloiobutiae. 
E xpl a i n why ? Write the probable tnnaitioD itate is each earn. 

(Gera Mm ink Bar BJc. 1976) 

9. Explain the following itatemenU : 

(0 Chlorination of alkanes ia at exothermic reaction and yet K requiem 
high temperature or eapoaure to Ugh energy UV radiations for its niooeaa. 

(10 A more atabla alkyl radical b formed more eaaOy. 

(Iff) Hatogenatkm in the pr ese nce of tetramethyQead proceeds at low 
temperature than when it b done in its absence. 

(fr) lodinatioa of methane docs not take place, even wh en brominetion 
and chlorination take place, in spite of the fact that iodine-iodtoo bond in the 
Iodine molecule b the weakest. (Gnra Moank On BJSe. 197V) 

10. Explain why— 

(0 Halogens lion of the paraffins u an oxidative process. 

(0) A tertiary carbon atom can be oxidised with relative case. 


Short Answer Type: 

1. Write structural formulae for the following: 

(0 2,2-Dimethylbutane. (M) 4-Ethyl-2. 4-dhnethjflheptnaa. 

W Neohexane. (h>) 3,4,4-Trimet hyiheptane. 

(») 3-ethyl-2. 3-dimethyfoctane. 

2. Name the following alknnes : 

(0 (C.H.i.CH CH,; (0) (CH„CH 1 .CH,).C ; (Of) (CBJ,0 


3. Which of the following reagents wll tenet with js-bwtaae T 
(0 Alkaline KMnO, solution. (0) Aqueous KOH solutioa. 

(00 Cold dilute nitric add. (fr) MsffilHe aodtam. 

(v) Iodine In presence of light. (W) B romin e in tte dark. 

(id) Bromine in the presence of light, (riff) Chlorine fa the dark. 

(hr) Chlorine in the presence of light 

4. Although both cUoriontkm and bromination yield m totara e of bs> 

_i the relative amounts of various iso men differ markedly Vopatdint upoo the 

halogen used. Chlorination givea mixtures in whkh no bochen greatly prodomi- 
oiio in nonannoo, oy coomu, oho urns my pnoomuo m m 

an extent as to be almost the only product, making an 91-99% of Bs w d 


CH^CHaCHgCH, 


c u£SSSt ,cx 

auoroomane 

( 21 %) 


CHtCH.CH.CH, —i CH,CH^CH t CH p .l 


CHdCHt.CH.CHt 

2-cbtoreb u tane (72%) 
CH,CH.CHCHt(98%) 
lr 


la bromfaiation, clearly there b a high degree of nkctMty as to which hy¬ 
drogen atnme ira to be replaced. This b due to relatively low reactivity of 
' i atoms and b an enample of a general rslationsfaip between/swefbhy and 
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On the basis of the stove bow do you account for the bet ttal not only 

feasible laboratory mote to sneopetojd 


taOtaUtlioa tattoso chlorination is a 
MmT (OHJ, CCH*X T 


14 ft Why would the chlorination of ettaoe to ethylchloride ta< 
flfrftifwl tyitfwf i l l (bo jjtdartflft of ? 


t. An atone with tool wt«-72 formed only on© monochtofo rubstku • 
don product Suggest a structure for the alkane. 

7. Write equations for the reactions, if any, between : 


(0 AC(X)Na+*odt4tor. (tf) Sodium praptentie+sodA-lxme. 
(00 Ethyl iodWe-f Za/Cu couple tod alcohol. (tv) Methyl iodkb+Bl. 
(r) Electrolysis of an aqueous solution of sodium acetate. 

(W) Ethanol, acetone or a fatty add+amc. hydriodic add in presence 
of rad phosphorus. 

(WO Ethylene+H, in presence of finely divided nickel at J75K. 

(yfltf) Acetytene+Hg(Ni, 57*). (ix) Ethyknagnesium kxlide+wmtev. 

(jr) Metbane+chlorine. (xf) Propane-f*meric add (670K). 

(xU) Isobutene+oleum. (xiif) Methane+O f (burning). 

(xh) Aluminium carbide + water. (xr) Methane+steam (IOO0K), 

(xrO n-Hexane+AJGl, at S75SL 

(xvtt) n-Hexane or if-Heptane-f-Cr.OjAliOg at 750-770K, 

(xwiiO l f 4-Dibromobutanc+sodium. 


8. Write equations to a bow : 

(/) Wurtz reaction. 

(ii) Kolbe synthesis of alkanes. 

(Delhi B.Sc. 1976 ; B.Sc. Homs . Sub, 1976) 

9. What products are obtained when propane undergoes mono-subati- 

tution 7 (Delhi B.Sc. Homs. Sub. 1977) 

If. Discuss reactivities of alkanes towards halogenation. 

(Guru Ntmak Dev B.Sc . 1977) 
11. You are given bond dissociation energies (kJ/mole) of the following 


C»-CI-a42-7 CH.-H-4J51 

CH*—CH,—368 - 2 

CH.a-149-3 

Calculate the best of reaction, sH, for the ctateMnitietim. ctahMm>. 
Utata, eod-otoun-te rmtatoBto toto* iidtotetlta of methane. 


1ft Chlorination reactions of certain higher alkanes can be used foe 
Itapatoty.ftaMtaiion. # .«< &» tta preparation of Doopentyl chloride from imo- 

structuralfeatures 


13. With the help of the following equations : 

(0 CH.-H -► CH,. +H-; 

00 CH.qH.-H - CH.CH.' +H-; 

(00 GH.CH, -*> 2CH,-; 

(hr) CH*CH,—CHjCH, -e 2CH.CH, ; 

(e) CH,CH.CH,—CH, -* CH.CH.CH,+CH,-; 
aooount tor the foUoyring: 

(a) Thermal cradchw of a C—H bond of methane 
while Am of C-H bond of e&aae bnofcs it m&ML. 


E 0 ,,— 4 433 k 
E«i-W4IOkJ 
E.n-+3(IU 
E a «-+343U 
E. ,,-+353-6 U 

ocean at ~JSOOK 
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h ——' • ,0 - e *-* 

. (<f) During cracking of *«feu tana, reaction^) ocean mow mdiy than, 
motion (r) given above. 

M. Om isobutene be prepu-ed by Wurtz reaction t 

1$. Which higher homologuc of methane te likely to be formed during its 
InlofoiAtton 7 

If. Of the three isomeric pentanes, which one la expected to yield the 
Ingest number of isomeric monochloro derivatives t 

17. How would you obtain e-butane from (/) sec-butyl bromide, (0) 
ethyl chloride end (ttf) 1-Butene ? 

M. Write various possible structural formulae of alkanes with molecular 
formula CiH m and write the IUPAC names. 


ANSWERS 


3. (vtf) and (lx), *. (CH^C 

n. (0 a, h 2 a- ; 

(ff) CH, + C1* h HQ+CH,- ; 

(1/0 CH.’ 4- Cl g - . CH.Cl+a* ; 

c/v) CH, + CI 1 - CH,C1 ; 

(v) CH,‘ + CH, ■ * CH,—CH, ; 

(v/) a* + a* - ► a-a ; 


{neopentane) 


AH- +242*7 

kJ/mole 

AH-+4-2 

kj/mole 

AH--106*6 

kJ/mole 

AH-r-349 3 

kj/mole 

AH—368*2 

kJ/raole 

AH =*-242*7 

kJ/mole 


12. All hydrogen atoms in each arc equivalent, replacement of any one 
of these by Cl yields the same product. 

13. (o) From (i) and (//), since E flC f for ethane, C—H cracking reaction 
is lower, C—H bond in ethane breaks at lower tempetrature. 

(b) Since AH for reaction (iii) is lower than that in (fi), the C—C bond in 
ethane breaks more readily than C—H bond. 

(c) AH for reaction (iv) being lower, it occurs more readily than reaction 
O'). 


TOC-i/-J2'8*2 
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1. The Olefine.— The unsaturated hydrocarbons which con¬ 

tain one carbon-carbon double bond are called olefins, and have 
gmetal formula Ethylene, CH,=CH, being the simplest 

olefin, the carbon-carbon double bond is often called the olefinic bond 
or ethylenic bond . The series has recently become very important 
technically, since large quantities of olefins are obtained during crack- 
rag of petroleum and may be used to prepare a large variety of 
organic compounds. 

2. Nomenclature.—The olefins are named after the corres¬ 
ponding paraffins by changing the suffix -ane into -ylene in the 
trivial system, and into -«ne in the 1UPAC system. Thus the 
•enes is named as alkylene or alkene series. The longest carbon chain 
containing the double bond is chosen as the parent alkene and the 
positions of the double bond and side-chains are indicated by num¬ 
bers. The lowest possible number is given to the double bond and the 
side-chains indicated accordingly. Complicated alkenes cannot be 
mamed in the trivial system. They are always named according to 
Che IUPAC system. The name of the first few homolocrues are 
given below : 


Formula of the 
olefin 

CnH t * 

CH, 

CH.-CH, 

CH..CH-CH, 


*CH f .CH,,CH= CH, 


■CH.CH~CH.CH, 


Corresponding 

paraffin 

Common 

name 

IUPAC 

name 

CnHmxi 

(alkane) 

Alkylene 

Alkene 

CH* 

{methane) 

Methylene 

Methene 

C.H, 

( ethane ) 

Ethylene 

Ethene 

C|H| 

( propane ) 

Propylene 

Propone 

c 4 h 1( 

( butane ) 

ft-Butylcne 
or 1-Butylene 

1-Butene 


P-Butylene 
or 2-Butylene 

2-Butene 


-i_ _T| he r nU1 ? ber indica c ng the P° sition of double bond is 
(WDW before the name. Foe example, 
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CH* 

‘CH».*CH- , C — 

r 

CHa.CH*. *C.*CH. *CH, 

■Isi, 


WPAC-i 
3,4, 4-Trimethyl-2-pentene 


2-c thyl-3-methy 1-1 -butene 


The old practice of denoting the double bond by the Greek 
letter A i* still continued. The number placed at the upper right- 
hand comer of the symbol indicates the position of the double bond. 
For example! 

CHg.CH»C--CH.CH, is 3, 4-D i methyl-A"-pentcne 

^ ^ or 3, 4-Dunethyl-2-pcntene 


In another method of nomenclature olefins are named as 
substituted ethylenes. Dialkyl derivatives show isomerism. These 
are called symmetrical (gym- or 6-) when the two alkyl groups are 
attached to different carbon atoms. These are termed unsymmetric&l 
or asymmetrical (uwym- or, os-) when the two alkyl groups are 
attached to the same carbon atom. For example! 

CH,.CH-CH.CH t (CH t ),C-CH, <CH,) t C-CH.CH, 

#-D imethyle Ihy lene oj-Dimethylcthylene Trimcthylcthylene 


3. General Methods of Preparation.—Following are the 
general methods used for the preparation of olefins : 


(i) By dehydration of alcohols - Primary alcohols when heated 
with concentrated sulphuric add at 275-345K, lose a molecule of 
water to form olefins, e.g., ethanol gives ethylene. 

—H»0 

CjHjOH * C|H| (/^.) 

Ethanol cone. H.S0 4 at 270-340K Ethylene 


Instead of sulphuric add, gladal phosphoric add (HPO g ), 
phosphorus pentoxide or alumina may be used as dehydrating agent* 
With alumina at 620K the yields are v.g.-ex* 


Dehydration of secondary and tertiary alcohols is best carried 
OOt using dilute sulphuric add and the yields are very good. In case 
concentrated add is used, the olefins obtained (espedally from ter¬ 
tiary alcohols) tend to polymerise. 


CHg.CHt.CHg.CH.OH 

e-Butyl alcohol 

GHgCHgCHOH.CHg 

Mc-Bulyl alcohol 

'CH a )gCOH.CH* - 

jisri-Butyl alcohol 


75%H t SO i 

- 

410K 

60%HSO 4 

370K 

20%H a SO 4 

-- -► 

360-365K 


CHg.CH~CH.CHg 

2-Butene {chief product) 

CHgCH ~CH.CH| 

2-Butene {chief product) 

(CH|)gC=®CH, 

Isobutylene 


The formation of 2-butene from n-butyl alcohol illustrates a 
characteristic of dehydration —the double baud cam be famed at a posi¬ 
tion remote from Ms carbon originally holding the ~0B group* This 
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characteristic is accounted for due to rearrangement of carbocation 
to form a stabler one (see page 1.154). 

(it) By the action of alcoholic potash on alkyl halides, D chydi o- 
halogenation, e.g., propylene from propyl iodide when the yield 
is about 36 per cent. 

CH,—CH—CH.+KOH CH,CH=CH t +KI+H,0 

I | alcoholic Propylene 

I *Ll Jl 

Propyl iodue 

According to SaytzeflPs Rule, when two olefins may be form* 
ed by dehydrohalogenation of an alkyl halide, the one which if the 
most substituted olefin predominates. For example, in the dehydio* 
halogenation of 2-bromobutane, 

KOHi-^ GHa-GH^CTLCH, ...(I) 

CH J .CHBr.CH Jl .CH 3 Dinntliyfethyfan?(W%) 

aiC * (Disubstttuted) 

CH^CH.CHjCH, ... (2) 

Ethylcthylene (20%) 

( ftiono substituted, 

(1) being disubsti luted ethylene predominates. 

Ease of formation of alkenes : 

r 1 c=cr 3 >r 2 c=chr>r 2 g=ch 2 , rch-chr>rch=ch # 

This is also the order of Stability of alkenes. Hence in dehy- 
drohalogenation, more stable the alkene the more easily It 
is formed. 

In alkyl halides as we proceed from 1° to 2° to 3°, the carbon 
atom carrying the halogen becomes more and more branched. This 
increased branching favours dehydrohalogenation in two ways : 

(i) It provides a greater number of hydrogen a toms for attach 
by base (See mechanism on 'page 1158)and hence a more favourable 
probability factor towards elimination. 

( ii ) It leads to highly branched (more stable) alkene and 
hence a more stable transition state and lower value of 

As a result of the combined effect of these two (actors, in 
dehydrohalogenation the order of reactivity of RX is 

For example, yield of propylene from isopropyl halides is up 
to 80 per cent and that of iso-butylene from tertiary butyl halide is 
100 per cent. Ethylene cannot be prepared by this method from ethyl 
halide as the yield under most favourable conditions is not more 
than 1 per cent. 

This is not a very important method for the preparation of 
lower alkenes which can be readily obtained from easily available 
corresponding alcohols. 

On account of the greater certainty as to where the double bond 
will appear dehydrohalogenation is often preferred over dehydration of 
alcohols* 

(in) By the action of zinc dust on methanclic solution of m 
dihalide (Dehalogenation), e.g., propylene from prc pylene bromide 
or propylidene bromide. 
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CH,CHBr.CH,Br 
Propylene bromide 

+ 

Zn CH,.CH=CH, + 

Propylene 

ZnBr. 

CH,CH,CHBr, 
Propylidene bromide 

+ 

Zn -> CH 3 GH=CH, + 
Propylene 

ZnBr. 


If sodium is used in place of zinc, an ethereal solution of pro- 
pylidene bromide gives mainly 3-hexene. 

Ether 

2CH,.CH,.CH|Br ! + 4Na|-»■ CH 3 .CH 2 .GH=CH.GH,GH !1 

Propylidene bromide solution 3-Hexene 

Propylene bromide gives propylene even with metallic sodium 
although zinc dust is more satisfactory. 

(iv) By dehydrogenation of alkanes. On heating an alkane 
in the presence of a catalyst (e.p., Cr 2 O a . Al 4 0 3 at 770K) it loses 
hydrogen to give an alkene. 

Heat 

R—CH 2 —CH Z —R ► R—CH-CH-R+H, 

alkane catalyst alkene 

CH s CH 2 .CH 2 CH 3 ► CH 3 CH=CHCHg + other butene 

butane 770K 2-Butene 

(r) By heating quatertiary ammonium hydroxide . For example, 
tetraethylammonium hydroxide gives ethylene. 

(C 2 H s ) 4 NOH-► C 2 H 4 + (C 2 H 5 ) 3 N + H s O 

Triethylamine 

When there are two or more different ,8-hydrogen atoms in the 
quaternary ammonium hydroxide, two or more alkcnes may be 
formed. It has been found that out of the various possible alkenes, 
the less substituted one is obtained in larger yield [cf. SaytzeFPs rule). 
For example. 

Heat 

CH 3 .CH 2 .CH.CH 3 -► CH 8 .CH = CH.CH 1 -f 

I OH’ 5% 

+N(CH 3 ) 3 CHj CHi.CH-CH, 

95% 

Similar behaviour is noticed in the decomposition of quater¬ 
nary ammonium compound containing two different alkyl groups 
resulting in the formation of an alkene. For example, 

CH, 

CH 3 , CH «CH g +(CH 3 ) 2 N.CFI JI .CH.CH 3 (65%) 
CH g CH 8 t 

I | Heat 

CH V 'CH|.GHi.N+ CHj.CH.CHs OH'-. 

u i 

CH, 

/ CH,.i-CH t +(CH l ) 1 N.CH 1 .CH l .CH, (35%) 

This mode ojf elimination is termed Hofmann rule. 
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Orientation in E2 elimination : Saytseff va. Hofkaaiia, 

In the base-induced elimination reaction 

B: 

I-► RCHjCHa.CHssCH, 

| (Hofmann elimination\ 

RCH 3 .CH 2 —CH—CH, 

I 

Y -> RCH £ CH*CH.CH b 

B: (Saytzeff elimination) 

where Y» halogen atom, NR| or SR 2 

Three factors influencing the relative proportions of the two 
alkenes produced are : 

(а) The relative ease with which the alternative 0 positions can 
lose a proton , 

(б) Stability of the alkenc produced. This factor favours Saytzeff 
elimination. 

(c) Size of the leaving group and that of the base. Bigger size of 
the leaving group and that of the attacking base favour Hofmann 
elimination. 

In the following elimination 

CH 3 ,CW 3 CH : CH, N(CH b ),+PH 2 = CH z 

CH-CH; -?i- CH r OL { 

I I > *\ 

H £!H$ K Ch 3 CH -eH; ' 

ethylene is the major product. This is explained in terms ol the 
factor (a). Inductive effect of methyl group lowers the acidity of 
hydrogen attached to /9-carbon in prop\l group. The hydrogen 
atom attached to 0-carbon atom in etlnl group is, theiefoic, more 
acidic and is removed preferentially. 

5. General Properties of the Olefins. — 

(a) Physical. Alkenes containing two to four carbon atoms 
are gases, those containing five to fifteen are liquids and higher 
ones are solids. They aic in'oluLle in water but soluble in organic 
solvents and have char, ' snclU. r fht‘n arc lighter than watci 

and the lower members ait as genual nruusth* tics. Their physical 
constants show a regular gradation with the rise of molecular 
weight, 

(i) Chemical, Important reactions of olefins are : 

(1) Combust ion , They burn with a luminous flame giving 
carbon dioxide and water vapouis and form explosive mixtures with 
air or oxygen. 

C 2 H 4 *+ 30 2 2C0 2 +2H*0 

(2) Electrophilic Addition reactions. As a carbon-carbon 
double bond consists of a strong a bond plus a weaker tt bond as 
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shown in Fig. 141. The ts electrons 
carbon nuclei and are, therefore, 
readily polarisable. Addition to com* 
pound containing a carbon-carbon 
double bond involves breaking of the 
n bond. Bond fission may be hetero- 
lytic and the addition proceeds 
through ionic mechanism.^ Bond 
fission may also be homolytic result¬ 
ing in the formation of diradical 
addition to which takes place 
by free radical mechanism. 


are loosely held between the 
7 reo»& 





Fig. 141—0 and k bonds 
constitute a double bond. 


Hv © 0 >H Hetcrolytic Hv 

>C-G< «- >C = 

H / Yv 


yH Homolytic 
\ - :—- /C—Cv 




H fission H' 






Charged species Diradical 

In polar solvents, addition proceeds predominantly by ionic 
mechanism whereas in presence of light or free radicals it follows 
free radical mechanism. The loosely held it electrons are parti¬ 
cularly available to an electrophilic reagent (an acidic reagent 
seeking a pair of electrons). One typical reaction of alkenes is, 
therefore, electrophilic addition. 

In the addition of an electrophilic reagent across the double 
bond two new a-bonds are formed. These arc formed at the expense 
of the destruction or opening of the it bond and the bond in the 
reagent. f\ slow ® 

CH, =CH|+E—Nu-► CH s -CH i E+ : Nu" 

r&st 

—► Nu—CH t —CH,—E 

Electrophilic addition occurs in two steps : 

(1) The electrophile E attacks the it electrons of the alkene, 
forming C—E bond and a carbocation. 
slow 

>C«C< V* C—C < + : Nu" 

ni l © 

E—Nu E 


(2) In the second step nucleophile (: Nu - ) attacks the 
carbocation from the side opposite the C—E bond to form a new 
C—Nu bond. This type of addition is referred to as trans-addition. 

Nu 

| |ffY Nu~ fast I | 

—C—C< -► —G —C— 


The first step (addition of electrophile) being alow is the rate- 
determining step, the addition reaction is, therefore, termed electro¬ 
philic addition. 

Free radicals seek an electron each and we see that alkenea 
also undergo free radical addition. 
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The following examples will illustrate the process : 

(i) Addition of Hvdroobn. In the presence of a catalyst, 
ethylene combines with hydrogen gas under pressure to give ethane, 


CH, 

H Catalyst 

CH, 

n + 

1 -► 

1 

CH, 

H 

CH, 

Ethylene 

Hydrogen 

Ethane 


Finely divided platinum and palladium* are effective catalysts 
ml room temperature. Supported nickelf (Sabatier-Scndcrcns reduc¬ 
tion) requires a temperature between 470-570K. Raney nickel} is 
effective at room temperature and atmospheric pressure. 

Hydrogenation of alkenes is a cw addition. It is a free-radical 
addition reaction as explained on page 1 ’ 165. 

(ii) Addition of Halogens, With halogens, alkenes form the 
dihalides. The order of reactivity is chlorine t> bromine £> iodine. 


CH, 


Cl 

CH,C1 

II 

+ 

1 

-► 1 

CH, 

Ethylene 


Cl 

CH.Cl 

Ethylene chloride 

CH,—CH 


Br 

CH,—CHBr 

II 

+ 

1 

—► | 

CH, 


Br 

CH,Br 


Propylene Propylene bromide, 

Decolorisatum of 5% solution of bromine in carbon tetrachloride 
is used as a test for alkenes or the double bond . 

Electronic Mechanism. The high reactivity of the olefinic bond is due fo 
the presence of two irclectrons which readily undergo electromeric effect al the 
requirement of the attacking reagent. During addition of bromine, ethylene 
undergoes eiectromcric effect. 

ni * - 

CH^CH* —► CH t —CH f 

A halogen molecule is non-polar. In the vicinity of a dense 
electron cloud of the carbon-carbon double bond, however, it gets 
polarised. 

c 

II ^ 1* Polarisation of Br % by a 

C Br—Br double bond 

/\ 

* Finely divided platinum and palladium commonly known as platinum 
andpdladium black may be prepared by reducing their soluble salts with form* 

t To get Supported nickel some suitable porous material. e,g., kieeel- 
■uhr, is impregnated with a nickel salt and treated with sodium hydroxide. It 
* tjg®JSSP e dJ?“d dried. The resulting nickel oxide is reduced with hydrogen 
Finely divided particles suspended in the porous material are 

t To prepare Raney nickel digest an alloy containing equal amounts of 
nickel and a l u minium with sodium hydroxide. The aluminium is dimolved 
*»»«*Ma* Andy divided nickel is washed and stored under water 
and ethanol etc. 
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The polarised bromine molecule approaches the ethylene molecule form¬ 
ing the transition complex which then breaks as given below ; 


r ** ■- + . + 

Br...Br.,.CHf—CH a -►Br+Br—CH a —CH, 

Transition complex 

Next, the bromide ion attaches to the positively charged carbon atom. 

Br—CH a —CH a +Br'-► Br— CH a —CH t —Br 

Ethylene bromide 

Combining the equations we can represent the addition as ; 

m* + *r\- 

Br—Br+CH a =CH a -► BrCH r CH a +Br^BrGH a .CH # Br 

Bromine Ethylene Ethylene bromide 

That out of the two bromine atoms Br+ adds first and the 
addition of Br“ takes place next is supported by the formation of a 
mixture of CH 2 Br—CH a Cl and CH a Br—CH a Br when ethylene is 
treated with bromine water containing sodium chloride. This is be* 
cause both Br" and Cl' ions arc available in the second step and 
both of them compete for the positively charged carbon atom in 

Br—CH a —GH a . 

ci- 

+ .-► Br—CH a -CH a —Cl 

Br—CH*—CH S - 

I-► Br—CH a —CH a —Br 

Br 

It is a trans addition taking place via the formation of inter¬ 
mediate product, carbocation or bromonium ion as explained on 
page 1156. 

Effect of Substituents on Rate of Addition, Rate 
determining step in the addition of Br a is the attack by incipient 

electrophile Br® forming carbocation or bromonium ion. It 
would be expected that presence of electron-donating groups 
on the carbon atoms bonded through the double bond would 
facilitate the addition of an electrophile. 

On the other hand presence of electron-withdrawing groups 
would slow down the rate of addition. 

This has actually been observed in practice. For example, 
rate of addition increases with successive replacement of hydrogen 
atoms by electron-releasing methyl groups and decreases when 
hydrogen is replaced by electron-withdrawing groups like Br and 
COOH. 

The relative rates of addition are observed in the following 
order : 


CH z ==CH+~Br**CH 2 =CH-^COOH< CH 2 — CH Z 

0-03 i 

Me He Me Me 

/X .X /X X / X y 

< CH=CH 2 < C=CH Z < C = c <" 

.. x \. y x 


Me 


Me 


H Me 


Me 


W 


id 


2 


5 
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(Hi) Addition of Halogen Acids. Alkenes react with strong 
aqueous solution of halogen acids to give alkyl halides. The order 
of reactivity is : 

hydrogen iodide > hydrogen bromide > hydrogen chloride, 
CH, H CH $ 

II + I —* I 

CH, I CH.I 

Ethylene Ethyl iodide 


Markownikoff studied many reactions of this kind and formu¬ 
lated the rule called Markownikoff’s Role : The negative part of 
the addendum (molecule to be added) adds on to the less hydrogmmted 
(mors substituted) carbon atom . For example, isopropyl iodide is 
obtained by adding hydriodic acid to propylene. 


OH,—CH 

ii + H+-r 
CH, 

Propylene 


CH,—’CHI 
CH, 

Isopropyl iodide 


Electronic mechanism. In the addition or hydrogen iodide to propylene 
■i the methyl group is electron repelling, the electromenc effect takes, place as 
tinder : 

ra + ® 

CH,.CH=CH 1 -► CH..CH-CH, 

If »- 

To this a polarised molecule of hydriodic acid (H—I) adds in two steps 
as given below: 


+ © v- r 

CH,.CH—CH,+H—I 


CH,CH.CH,+r 

{Flrst step) 


CH,CHI.CH a 

( Second step) 


In 2-pentene, CHa.CHg.CH-CH.CHi, the C B H| group is more electron 
repelling than the CH a group, hence addition of HC1 takes place as follows 
giving chiefly 3-chloropcntanc. 

r\ ® 0 

CH,.CH,.CH«CH.CH a -* CH,.CH,.CH~CH.CH 1 
** Cl 

H—Cl + | 

-► CHj.CHg.CH—CH,.CH,+Cl“ CH 8 .CH,.CHLCH I .CH 1 

3-Chloropentane 

MarkownikoflTs rule has now been replaced by a more ‘ 
general rule : electrophilic addition to a carbon-carbon doable 
bond involves the Intermediate formation of a more stable 
carbocation, their order of stability being 

3° > 2° > 1° > CH,® 

For example, first step in the addition of HC1 to the following 
alkenes is : 


CH, 

CH,—i-CH, 

Isobutylene 


CH, 

HQ | 

—► CH,—C-CH, 
9 

A 3° carbocation 

(Wgfci) 


CH, 

or CH,—CH—CH, 9 

A 1° carbocation 
(Wrong) 
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CH, CH, 

I HO I 

CH,—CH-C—CH, —► CHj.CH,—C—CH, or 


A 3° carbocation 

(Right) 


CH, 

—di 


CH 3 .CH—CH-CH, 


A 2° carbocation 
(Wrong) 

•In the presence of air or peroxides that are formed when 
alkene remains exposed to air or added peroxides, addition of 
hydrogen bromide is abnormal as it takes place against the 
MarkownikofT’s rule. The action of peroxide to cause this abnormal 
addition is termed Peroxide Effect. 

GH a —CH Peroxide CH 3 —CH, 

|| + H—Br-► | 

CH, CHJBr 

Propylene Propyl bromide 

The mechanism of the peroxide effect is given on page 1 ‘ 164. 

(ic) Addition of Sulphuric Acid. Ethylene is readily absorb¬ 
ed by concentrated sulphuric aid, and still better by fuming sulphurio 
add to produce ethyl hydrogen sulphate 

Ck 

CH 2 =CH a + h-o.so 2 .oh -► 

Ethylene Sulphuric acid 

CH a .CH a + O.SO..OH CH,.CH 1 O.SO|.OH 

{First step ) Ethyl hydrogen sulphate 

(Seeth'd step ) 

Ethyl hydrogen sulphate gives ethylene when heated to 430- 
440K while ethanol is obtained on boiling it with water. 

Heat 

C|H 5 oso s h —► c 8 h 4 + h«so 4 

Ethyl hydrogen sulphate Ethylene Sulphuric acid 

C t H s |0S0,H+H| OH-* C ? H s OH + H a S0 4 
I — - 1 Ethyl alcohol 

The reaction is, therefore, used in the separation of ethylene 
from a gaseous mixture and production of ethanol starting with ethylene* 

Addition of sulphuric acid to higher alkencs takes place accord¬ 
ing to MarkownikofT’s rule. 

r\ 

CH 3 .CH~CH a + H—O.SO a .OH~* 

Propylene Sulphuric acid 

ch,.ch.ch 3 + o.so 3 .oh -►(ch 3 ) 1 ch.oso 1 :oh 

Isopropyl 
hydrogen sulphate 

(t>) Hydration OF Olbfins. Olefins may be hydrated to 
alcohols by absorption in concentrated sulphuric add followed by 
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hydrolysis of alkyl sulphate a$ given above. They may, however, be 
catalytically hydrated in dilute acid solution, e.p., isobutylene givei 
ferf-butyl alcohol in dilute acid solution. 

H+ 

(CH 3 ) a C=CH t +H a O-► (CH 3 ) 3 COH 

The mechanism of reaction is not yet settled. Hughes and 
Ingold have proposed the following mechanism : 

/^sk r\ © slow + 

Me 2 C=CH B +H—OH* ** Me a C-Me + H a O 
-H+ 

** Me 2 C—Me ^ Me, C.Me 

I +H+ | 

+OH, OH 

The first step is proto nation to form a carbocation and 
being slow is the rate d ctermining step. The second step is addition 
of water to the carbocation followed by the loss of proton by the 
addition compound. 

(tn) HYDROBORATION (Hydroboranation ). With diborane, (BH 3 ) a 
alkenes undergo addition reaction (Hydroboration) to yield alkyl- 
boranes, R 3 B which on oxidation give alcohols. For example, 

CH.-CH, CH.-CH, 

BH 3 -► CH 3 CH 8 BHj -► (CH 3 CH 2 ) a BH 

CH.^CH, 

-> (CH 3 CH 2 ) 3 B 

Triethylborane 

OH' 

(GH 3 CH 2 ) 3 B + 3H a O f -► 3GH 3 CH 2 OII + H 3 BO a 

The overall process is equivalent to the anti-Markownikolf 
hydration of an olefin although actual addition of diborane to olefin 
does obey MarkownikofF’s rule. Bor ant is an electron-deficient mole¬ 
cule and , therefore , behaves as an electrophile which attacks at a point 
of highest electron density. 

(BH,), H.O Mf NaOH 

CH 3 .GH=CH a -►-► CH 3 .CH 2 CH 2 OH 

Propene (—H a BO a ) 1-Propanol 


Mechanism of Hydroboration. Diborane (BH 3 ) Z acts as if 
it were in the monomeric form, BH a (Borane). Borane adds succes¬ 
sively to double bonds of three molecules of alkenes until all the 
hydrogens are replaced by alkyl groups. In each addition step the 
boron atom attaches to the least substituted carbon of the double 
bond. 

The reaction proceeds via the formation of a four-centre transi* 
tion state. 


*> s. 

CH S —ch=ch 2 ch,-ch-ch 2 

+ -► • ; 

H—B— H B— 


CH*—CH—CH* 


H B— 


Four, centre 
transition state 


Propyl 

borane 
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In the transition state formation of carbon-boron bond has 

K seceded to a greater extent than the formation of carbon-hydrogen 
nd. A partial positive charge, therefore, develops on the secondary 
carbon atom. 

Oxidation of the final addition product of hydroboration with 
alkaline H a 0 2 is represented as follows : 

H—O—O — H + OH^=±H/> + OOH 

R S B QuOH —► O-Qw —► R 2 B — OR+Off 

•‘R 2 B0H+RO — ?g "> R 2 B0H +ROH + OH 

This step is repeated and the final products are 3ROH + H 8 BO b 

Hydroboration has almost entirely replaced peroxide initiated 
by hydrobromination reaction which was long used for the same 
purjx)sc. 

( vii ) Addition of Hypohalous Acid, Ethylene forms ethylene 
halohydrin with chlorine or bromine in the presence of water. 

GH a Cl fi H.O GH a Cl 

II -► | 

CH a CH a OH 

Ethylene Ethylene chlorohydrin 

With higher homologues addition takes place according to 
MarkownikofTs rule. 


r\ + 

CH 3 .CH=CH 2 +C1—Cl —► CH 3 .CH.CH a Cl 

-Cl’ A 2° carbo cation 

H,0 — H+ 

—► CH a —CH—CH 2 C1 —► CH 3 GHOH.CH 2 Cl 

| Propylene chlorohydrin 

©OH a (Second step) 

Whatever the mechanism, the result is addition of the elements 
of hypohalous acid (HO and X) and the reaction is often referred to 
in that way. 

Similarly, a bromohydrin is obtained with Br 2 and H a O, 

Br,/H t O 

CH 2 =CH a -► CH a Br—CH 2 OH 

Ethylene bromohydrin 

(trin) ADDITION of Oxygen. Lower alkenes when mixed with 
air and passed under pressure over a silver catalyst at 470-670K 
add an atom of oxygen to give alkene oxides or epoxides . 

CH a Ag cat. CH Z v 

ii + 40 ,-► I }0 

GH, CH/ 

Ethylene oxide 

Epoxides are also obtained when alkenes are treated with per- 
acid* perbenzoic acid). 
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R.CH«=CH.R r +C | H & .CO.O l Na^RCH—CHR'+QHiCXJONi 

Alkene Sod. salt or Epoxide Sod. ^m oate 

perbenzoic acid 

(tx) Alkylation. Addition of alkanes can be represented as 
follows : 

>C«C< + RH —► >C—C< 

I I 
H R 

For example, isobutylene and isobutane react in the presence 
of concentrated sulphuric acid [catalyst) to give 2, 2, 4-trimethyl- 
pentane (neo-octane). 

(CH 8 ) 3 CH + CH^CCCH,), —► (CH s ) 3 C-CH i -.CH(CH 1 ) i 

Isobutane Isobutylene neo-octane 

(2, 2, 4-trimcthylpcntane) 

For mechanism of the reaction see page 1*150 . 

{x) Addition 6p Nitrosyl Chloride or Bromide. Nitro 
syl halides are obtained 

Ot + 

CH 8 ==CHj+NO—C l —► CHj—CHj.NO + Cl 
Ethylene Nitrosyl 

chloride 

-► CH 2 C1—ch 2 no 

Ethylene nitrosochloride 

_ r\ + 

CH,.CH=CH,+ NO—Br —► CH s GH-CH,NO+Br- 

Propylene Nitrosyl ( First step) 

bromide 

—► CH a CHBr.CH,NO 

Propylene nitrosobromide 

Addition of H—X, H-OSO I H, H—OH, X„NOX,HOX 
are all tratu addition reactions. 

(*0 Addition of Ozone. On passing a stream of ozonized 
oxygen through a solution of an olefin in an organic solvent, an 
ozonide is obtained. 

CH, CH,—O—CH, 

n 4-o a —► I I 

CH, O-O 

Fthylcne Ozone Ethyiene ozonide 

T i • ozonide on oxidation with H,0, or peracids give* ac id * 
and/or letones. On reduction with zinc and acid or hydrogen in 
the pre; uce of a catalyst (Raney nickel) it gives aldehydes a nd /or 
ketones. Reduction with LiAlH, yields corresponding alcohols. 
The nature of these products helps in locating the position of the 
double bond in olefin —Ozondyeit. 

R\ Rv A 1 H,O a 

J>C=CHR' —► ^C-pl-CHR'-- R.CO -f R'COOH 

r/ Alkene r/| 7\l l H./N1 

0-4o *1°° + R’cho 

A 0 " \ J -♦R.CHOH4-R 'CH.OH 


►R,CHOH+R’CH,OH 
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Vwmmmmi* | a On ozonolysl* followed by reduction C«ff u (A) give* an aide* 
Me CtOtO (B) and a ketone CJf w O (C). Identify the compounds A, B and C. 


Compound CgfLO (B) Ls an aldehyde and must have Che characteristic 
group of aldehydes (CHO). Hence the only structure that can be assigned to it 
is CH,.CHO ( Acetaldehyde ), 

Compound C t H*0 (C) is a ketone and must have the characteristic group 
of ketone (>GO). Hence the only structure that can be assigned to it la 

C*H 

* > >co (Ethyl methyl ketone). 

C l Hi / 

Compound C*H lf (A) corresponds to the general formula of the alkenes 
CaHtft and is, therefore, an alkene. On ozonolysis followed by hydrolysis the 
chain breaks at the point of the double bond. The products (0,^0 and C,H,0) 
obtained here suggest that there are two carbon atoms on one side of the (rouble 
bond and four carbon atoms on the other end of the double bond. The two 
carbon atoms are arranged as in acetaldehyde and the four carbon atoms are 
arranged as in ethyl methyl ketone. Hence we can assign the following skeleton 
to the olefin : 


-x 


c—c 


/ 


C«C—c 


Putting hydrogen atoms to ensure that four valencies of each carboo 
•atom are satisfied, wc have the structural formula of A as 


CH,— Ctt/ 


CH—CH, 


(3) Oxidation. Olefins are readily oxidised, the oxidation 
products depend upon the nature of oxidising agent used, c.g ,, 

(a) With cold dilute alkaline permanganate, solution (Baeyer’fl 
reagent), alkenes are converted into dihydroxy compounds called 
glycols and the permanganate solution gets decolorised. It is cir- 
hydroxylation proceeding via a cyclic intermediate (c/1 0s0 4 below)* 


H 

i 

H—C 

B + MnO, - — 

H—C 

I 

H 

Ethylene 


H 

I 

H—C—O. 

-*• II /Mn 

H-C-CK 

I 

H 


/ 

\ 


O 

O 


OH- 


H 

H—i—OH 

I 

H-C-OH 

I 

H 

c/j-Glycol 


Deoolorisation of Baeyer's reagent is also used as a test for olefins 
m (he double bond. 

90% hydrogen peroxide in glacial acetic acid also gives glycols. 

Hydroxylation of olefins may be effected by means of osmium 
tetroxidc which adds at the double bond. The cyclic compound on 
refluxing with aqueous alcoholic NaHSO, gives eis- glycol. 


RCH RCH-C 

|| + OsO, —► | 

RCH RCH 

Osmic ester 

To get a froas-glycol oxidation 


-Xo 


O aq. ale. RCHOH 


I 


NaHSO, RCHOH 
reflux cfj-Glycol 
is carried out with a peracid, 


/° 

RC-OOH. 
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>C=C«- 


Per acid 


dil 

C-C<-► 

\ Q / flCid 


OH 

I I 

-C^C- 

I I 

OH 

/n»r*-Ciycol 


Epoxide 

(6) Withpr' - acid (HIOJ, lead tetra-acetaki (CH # COO)JPb 
or eodium bismv .r, the glycols produced by hydroxylation of 
olefins are further oxidised to aldehydes or ketones depending upon 
the structure of the olefin. 

(CH s ) 2 C [O] (CH 3 ) a COH HI0 4 CH aV 

II-► | —» J>CO + HCHO 

CH a +H.O CH a OH CH/ Formal- 

Isobutylene (Olefin) Isobutylene glycol Acetone debyde 

(c) With acid permanganate or acid dichromate , the glycol pro¬ 
duced by hydroxylation is further oxidised to an acid or ketone de¬ 
pending upon the olefin. 

(CH 3 ) 2 G [O] (GH 3 ) s COH add CH 3 v 

II -► | -► >GO+HGOOH 

CH a +H.O CH^OH KMn0 4 CH/ Finnic add 

Isobutylene Isobutylene glycol Acetone 

The nature of oxidation products helps us in locating the 
position of the double bond as in the case of ozonolysis. 

(d) Atmospheric oxidation . Compounds containing double and 
triple bonds are slowly oxidised by atmospheric oxygen forming 
gums and waxes due to formation of cross-linked polymers. Drying 
of oils used in paints and varnishes is as a result of this oxidation. 
Now we can understand why the presence of unsaturated hydrocar¬ 
bons in gasoline and lubricants is undesirable. 

(fi75-8(4) Substitution reactions. At higher temperatures 
75K) olefins give substitution products with chlorine. 

675-875K 

CH 2 =CH.CH 3 + Cl a -► CH 2 =CH.CH z C1+HC1 

Porpylene Allyl chloride 

With branched-chain olefins substitution is fairly easy. For 
example, isobutylene gives substitution product with chlorine even at 
room temperature. 

CH 3V Cl. C1CH ZV CH, 


\c=CH s — 


z\ 

^>C=CH a 


+ a ^>CCl-CH f Cl 


CH/ CH/ CH 

Isobutylene 3~chloro-2-methyl-l-propcne 1* 2-dichloro- 

(Main product) 2-methylpropano 

(Traces of addition product) 

Substitution by halogens is a free-radical substitution reaction 
as shown bclnw : 

X-+CH*—CH=CH a -► HX| CII 2 —CH--*GH, 

Allyl radical 

X. 

—► X~CH a —CH-CH* + X* 

Allyl halide Actual product at 
high temperature or low halogen 
concentration. (X=»C1, Br) 

Base of formation of free radicals is in the order : 

allyl > 3°> 2°> 1 CHj’> vinyl 



ALKENES OR OLEFINS 


233 


This type of reaction involving substitution at the alpha carbon 
atom with respect to the double bond is termed Allylic tubs. 
titDtion. 

N-Bromosuccinimldc (NBS) is an important reagent used for 
allylic bromination, 

CHj“COv hv or CH t —CO v 

(t) | >NBr-► | >N'+Br- 

CH,—CCK initiators CH a —CO X 

NBS 

ch 2 —co v 

di) Cl I* — CH —CHj4- | >N’ + CH a =CH—CH/ 

CH,—CCK 

GH a —CO v 
+ I >NH 

CH t —ccr 

CH,- CCh 

(tiV) CII. CIl CI1/ + | >NBr 

CI1.—CO' 

ch 2 -co v 

CH 2 =CH—CHoBr + I >N' 

GH 2 -CO X 

Step (T) is thr chain initiating *tep whereas steps (it) and 
(ift) are chair-prop iLMtin'T steps. 

{$) Isomensatiou. Ole.ms undergo isomerisation when heated 
alone at 770 070K or wlrn heated in the presence of catalysts, e.p., 
/V 2 (S0 4 )j 170-570K Isomeris.ilion may be due to 

(a) Either shifting ol double bond which always tends to move 
to wauls the centre ol the chain, c.g. y 

ch 3 .ch 2 .uixii-- ch 8 —► ch 3 .ch 2 .ch=ch.ch* 

1-PerUene 2-Pentenc 

(6) Or migration of a methyl gioup, e.t/^ 

Cllj GH 8 .CH--CH t -*(CIli) a C=«CH 1 

1-Butene Isobutylene 

Both of these changes mi ;ht occur simultaneously m some 

cases. 

(G) Polymerisation. Olefins polymerise in presence of suit¬ 
able catalyst, e.t 7 ., 

High temp. & 

aGH f «CH,-► (C a H 4 > B or —(—CH 2 —CH a —)*— 

bthylene high pressure Polyethylene or Polythene 

Cone. H*SO* 

nG 4 H*i ► 

Isobutylene Polymer 

When two compounds have the same empirical formula but differ 
m mohcular wight, the wore complicated compound is called the 
Polymer of the 8malltr one. The process of formation of a polymer 
from a ttimpbr compound is termed Polymerisation. 

For mechanism of 2 )olymcrtsaUon see patje 1 ' 150 . 

Tests, (a) Alkencs decolorise bromine in CCJ* without evolution of HBr. 
(This test ts also given by alkynes.) 

( b) They decolorise alkaline KMnO< (Baeyer’s reagent). This test is 
given by alkynes and aldehydes. 

(c) They dissolve in cold cone. H t 50 4 . Alcohols and ethers also dissolve 
la this reagent but alkanes and alkyl halides are not soluble. 

TOC-II—12*82-3 
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(if) It can be distinguished from alcohol* by the fact that primary and 
•ecuadaiy alcohols an oxidised by CrO, in aq. H.SO, within two seconds chang¬ 
ing dear orange solution opaque blue-green. Tertiary alcohols and alkencs an 
not affected by CrO,. 

BOMB INDIVIDUAL MEMBERS 

6. Methylene (Car bene), CH,.—The first member of the 
olefin series is methylene, CH,. It is a short-lived bivalent carbon 
compound. It is formed by the photolysis (photochemical decom- 
soaden) or pyrolysis of diazomethane or keten. 

CH,N, -w CH, -f N, 

CH,=C=0 CH, +CO 

It is highly reactive and undergoes thr following two types of 
reactions: 

(») Insertion reactions. Methylene gets inserted mainly in 
the G—H bond but insertion can also occur in O—H and C—Cl 


H CH, H 

I CH, | I 

H— CH, — C— CH, — ► CH,—C—CH, +■ CH, — CH,—C — CH, 

I I I , 

OH OH OH 

H H 

I I 

H— OH,—CH,—C—Cl +- CH.-C-CH, 


CH, ! H 
* H 
I 


H 


O—CH, 


CH,—CH,—C—CH,Cl + CH,—(t;H,),—C—Cl 

H H 

(•») Addition reactions. Methylene adds across a double 
to form cyclopropanes. 

CH 

>C=C< —► >C--C-d 

^CH,/ 


It has been found that methylene exists in two different forms • 
(a) Single! methylene in which carbon atom is hybridised 
with two electrons in each of these three orbitals. 

(1 b) Triplet methylene in which carbon atom is ep hybridised 
with two electrons in each of these two hybridised orbitals and one 
electron in each of the remaining two p orbitals. It is a diradical. 
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7. Ethylene or Ethene, Ethylene occurs in coal gas 

Co the extent of 6% by volume and is the major cause of luminosity 
of coal gas flame. It is present in the natural gas that issuesjout from 
oil-fields. Gaseous mixture produced by cracking of high b.p. oil 
fractions contains a high percentage of this gas. It is one of the 
products of destructive distillation of many organic substances. 

Preparation of Ethylene. Ethylene may be prepared by 
any of the general methods of preparation of olefins (except 2). 
Different methods employed are : 

(i) Ethylene is most conveniently prepared in the laboratory 
by heating ethanol with concentrated sulphuric acid at 430-440K. 

C f H 6 OH+ H 2 S0 4 -► C a H*HS0 4 +H f 0 

430-440K 

C,H*HS0 4 -► C a H 4 +11*501 

Ethyl hydrogen Ethylene 

sulphate 

Expt. 1. Take a mixture of ethanol and 21 times its volume of conmn- 
rated sulphuric acid in a large round-bottom flask (Fig. 14*3) fitted with a drop¬ 
ping funnel, a delivery tube and a thermometer which dips in the mixture. Heat 
the flask on a sand bath and drop a mixture of equal volumes of ethanol and 
concentrated sulphuric acid from the dropping funnel. Add a little sand and 
anhydrous aluminium sulphate to the flask to prevent frothing. The reaction 
takes place in two stages given above. 

A steady current of ethylene gas is evolved. It is contaminated with 
some sulphur dioxide and carbon dioxide (produced by reduction of sulphuric 
acid and oxidation of ethanol). The gas evolved is, therefore, passed through a 
bottle containing caustic soda which removes carbon dioxide and sulphur dioxide 
present. 1 he purified gas is collected over wafer as shown in the diagram. 

Although the sulphuric acid acts catalyticaUy yet some acid is always 
lost in the reaction as a result of reduction, etc. After some time, it becomes too 
dilute to behave as a dehydrating agent. 



Fig. 14’3—Preparation of ethylene in the laboratory. 

(») Electrolysis of an aqueous solution of sodium or potassium 
•ait of succinic acid (Kolbc’s reaction) aho produce! ethylene (cf. 
Kolbc’s reaction for the preparation of paraffins, by 

electrolysis of sodium acetate solution). 
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CH, 

II 

CH, 


+ 2CO* + £«' 


At anode : 

CHiCOO 1 ' 

CH 2 COO 
Succinate ion 

At cathode : 

2H a O + 2«- — 

ftiV) A pure sample of ethylene can be prepared bv wanning 
granulab d zinc until an alcoholic solution of ethylene bromide or by 
dropping ethylene bromide into zinc-dust suspended in alcohol and 
glacial acetic acid. 


20H- + H,t 


CH, 

I 

CH S 


Br 


+ Zn 


Br 


CH a 

II + 
CH a 
Eihylene 
prepared 


ZnEr ? 


industrially bv the 


Ethylene bromide 

Manufacture. Ethylene is 
following methods : 

(*) By pasting ethanol vapours nr<r huikd alumina at about 

620K- 

C s H 6 OH-► t ,II 4 j-H„0 

(ii) By the partial hydrogenation of uc>ti/lrn<. Acet\ ne i« niixf-d 
with hydrogen arid passed over a catalyst at 470K D.fler.-m 
catalysts which may be used are P-2 catalyst (nickel bnr.de, X, m 
or Linilar’s catalyst (Metallic palladium deposited on CaCO or 
BaSOj partially poisoned with quinoline). * 

£ H H H,/Ni,B CII, 

N + |-* I! 

CH H CH, 

(***) Large quantities of ethylene are being obtained as a by- 
product in the cracking of petroleum. 

Properties of Ethylene : Physical. Ethylene is a 
colourless gas with faint sweet smell. It is sparingly soluble (almost 
insoluble) in water but readily soluble in organic solvents such as 
ether and alcohol. If inhaled in a large quantity, it produces uncon- 
•ciousncss. 

Chemical. Important reactions of ethylene 
been discussed under General Reactions of Olefins. 


have already 
ins, 

War I (1914-18) it was 
CH,Cl 


Uses of Ethylene, (?) In World 
used for the manufacture of mustard gas. 

CH, Cl Cl CH, 

« + M + I. -- 

CH, S—S CH, 

Ethylene Sulphur Ethylene 

monochloride 

(ii) It is also used as an anaesthetic. 

(Hi) Due to the ease with which it can be transported in cvlin- 
dmunder high pressure, it is used in place of acctykne for weldi^ 


CH,Cl 
' 1 I +S 

CH,—S—CH, 
Mustard gas 
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(tv) Il| main use is in the fruit industry for the preservation 
and artificial ripening of green fruits like oranges, b an a n as and 
apples. 

(r) In the manufacture of plastics and various solvents such as 
glycol, dioxan, etc. 

Teats, (t) Ethylene decolorises bromine water and alka¬ 
line potassium permanganate solution (Baeyer’s reagent). 

(it) It is absorbed by concentrated sulphuric acid. 

(in) With ammoniacal silver nitrate there is no action—Distinc¬ 
tion from acetylene. 

8. Orbital Hybridization and the Structure of AUienee. 

Let us consider the simplest alkene, ethene. In this the carbon atoms 
are in a state of sp 2 hybridization. The molecule is coplanar, i.e. p 
all its nuclei lie in the same plane (Fig. 14‘4). The H—C—C bond 
angles of ethene are known to be ^1 Jl° and H—G— H bond angles 
are ^118° which arc quite dose to the value 120° that we would 
expect on the basis of *p*-hybndized carbon atoms. 


€ W 

X 

Fig 14*4—Coplanar molecule of ethylene and 
its bond angles and bond distances. 

There are five sigma bonds (4G—H bonds and one G—C 
Ixmd) and one pi bond (C=C double bond is a combination of one 
sigma and one pi bond). Their formation has been explained on 
page 1 "73. C —C bond distance in ethylene is 1“34A (cA bond dis¬ 
tance— 1*54A in C*H«) and C—H bond distance is 1*09A in compa¬ 
rison to riOA in ethane. 

As stated abovr C—H bonds in ethene are slightly shorter 
than thosr in ethane. We can explain the difference in the two 
bond lengths as follows : 

Since an a orbital is smaller than a p orbital, the bond length 
of a molecular orbital decreases as the amount of a character in a 
hybrid orbital increases. In sp 3 hybrid orbital the amount of 8 
character is 25% and in ap z hybrid orbital it is 33%. Hence Bp 2 
hvbrid orbitals of ctheile have more s character than the ap* hybrid 
oibitals of ethane. On this account the sp* orbitals are shorter than 
the Ap 3 orbitals Hence C—G bond in ethylene formed by «p 2 -sp* 
o\ erlap is shorter than the C—C bond in ethane formed by &p*-ap* 
overlap. Similarly, G—H bonds formed by $p* hybrid orbitals 
(by «p J a overlap) are shorter than those formed by sp* hybrid 
orbitals (by overlap). 

9. Heats of Hydrogenation and Stability of 
Allteaes.— Hydrogenation of alkenes is an exothermic reaction 
and heat of reaction is ^125*5 kj mol* 1 . Heats of hydrogenation 
of individual aikenes differ from this average value by more than 



h3d * 
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These values are often used to determine their relative 
stabilities. For example consider the heats of hydrogenation of 
three butene isomers. 


CHiffljCH^CHz+Hj^CHiCHjCHiClHj ; AH= —126'8 kj mol* 1 
1-Butene Butane 

GH*v y CH 3 

„y c = c \ +H 1 ^CH 4 CH.CH I CH 8 ; AH=-1I9"7 kj mol“» 

tv Butane 

dr-2-Butenc 

CH*v /H 

>c-cr +H i ->CH 1 Ch,CH,CH 1 ; AH=-115‘5 kj mol" 1 
H'' X2H, Butane 

ftro-2-Butene 


Product of reaction (butane) and one of the reactants (hydro¬ 
gen) arc the same in each case. Their different heats of reaction 
must, therefore, be related to different heat contents (or different 
relative stabilities) of the three individual butenes. 


1-Butene which evolves the largest amount of heat, must have 
the greatert potential energy and should, therefore, be the least 
stable isomer. On similar reasoning, the frans-isomcr which 
evolves the least heat, must have the lowest potential energy and 
be the most stable isomer. The potential energy (and hence stabi¬ 
lity) of ctJ-isomer falls in between the other two isomers. 


In a cts-isomer the two alkyl groups lie on the same side of 
the double bond. The crowding of the two alkyl groups causes 
strain and results in greater potential energy of the cis-isomer, in 
comparison to that of trans-isomer. 



ai-isomer /ra/ij-isomer 

Fig. 14*3— 1 The less stable cto-isomer has greater strain 
due to crowding of slkyl groups. 

As a result of studies of large number of alkenes, we have 
discovered the following pattern of stabilities which is related to the 
number of alkyl groups attached to the carbon atoms of the double 
bond. 

The greater the number of alkyl groups attached to (he doubly 
bonded carbon atoms (i.e., the more highly substituted is the double 
bond) the snore stable the alkene . We can represent this order of 
stabilities in general'terms as follows : 

R NR R 

R.C-CR, > R»C=CHR > 

w X R W 
> RCH Cil 4 > CH,=»CH, 


■» R.C«CII i 
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10. Cvcloalkene*.—Cyclic hydrocarbons having one double 
bond are termed cycloalkanes. Lower members cyclopropane to 
cyclohexene exist only in cw form. Higher ones can exist in both sis 
and £r ana-forms. 


rtj-cyciopropcne ctr-cyclobutene 



c/j-cyclopenteee cfr-cydohexene 


CBf — C** 

I U 




cfr-cydooctene /ranj-cyclooctcnc 

These can be prepared by methods used for the prepa r at h w 
of alkenes and also resemble them in properties. For example, 
cycloalkenes are prepared : 


(0 Bp dehalogcnation. 

CC JrO +z " b? 

1,2-dibromo- Cycle hexene 

cyclohexane 

(civ or tram) 

(si) By dehydration of cycloalkanols . 

ni + H t o 

*44-**5K 

Cyctohcxanol Cyclohexene 

(sit) By dehydrohalogmeUion of cycloalkyl halides. 

m 

r> NaOH(aic) f 5 ^ . _ 

U~ s 

CUoreMeydotetaae 



A few reactions of cycloalkenes are : 
* 

(•) Addition reactions: 
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trans-\, 2-Dibromo 
cyrlohexane 


(•*) (^j) + HBr 

Cyclohcxyl bromide 



(Hi) 


Q HiigM _./Z\ 

\—/ (DHiO,, OH XMV 

ch 9 ho h 


1-Mc thylej clohexenc f rwr5-2-Methyl* 
cyclohcxanol 

(ft) Oxidation with KMnO l (alkaline) or 0s0 i . 


O ( 1 )MnOl, 0 H~(C 0 L 0 ) 

(2)H z O 



HO OH 


Cyclopcntcne m-l,2-c> clopenlancdiol 

11. Bteyer'i Strain Theory. —Olefins are very reactive and 
the double bond in them is very unstable. The double bond readily 
opens and gives addition product. Similarly, cycloparaffins are suffi¬ 
ciently unstable. For example, trimcthylcne ring opens like a double 
bond and gives addition products. 

CH| CH»Br 

/\ i 

H,C-CH t 4- Br,-► IT,C—CH,Br 

Tnraethylene Tnmelhylcnc dibromide 

The instaoility of the double bond or cycloparaffin ring and 
reactivity of unsaturated compounds containing one or more double 
bond has been explained by a German chemist Adolf von Baeyer* 
in a theory known after his name as Baeycr s strain theory. 

. (1835*1917)—German organic chemist who evolved 

a strain theory of carbon mgs in 1885, to account for the instability of mt- 
latatatcd ucropounds. He was awarded the Nobel Pme tor Chemistry in 1905. 
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Le Bel and v&n’t Hoff postulated in 1874 that the carbon 
atom lies at the centre of a regular tetrahedron towards the four 
corners of which its four valency bonds are directed (see page 1*71). 
The angle between any two valency bonds is 109* 2B\ 

According to Baeyer’s strain theory, put forward in 10S5» the 
patency angle can be ottered from this normal Paine [109* 28* ) by 
bending of the valency bonds . But due to this bending of valency bonds 
a strain is set up in the molecule. Greater the deviation from the normal 
angle , the greater is the strain and greater the instability of the organic 
compound. 

This affords an easy explanation for the following : 

(a) Stability of saturated compounds ; 

(ft) Relative stability of ring compounds ; 

(c) Instability of unsaturated compounds ; and 

(d) Mechanism of addition reactions. 

(a) Stability of Saturated Compounds. In saturated com 

pounds various carbon atoms present are linked through single bonds. 
There is a free rotation round the single bond and the groups 
attached to the carbon atom arc capable of free disposition in space. 

Under these conditions there is no bending of valency bonds 
and hence no deviation from the normal angle (129° 28'). There 
is thus no strain in the molecule and in the absence of any strain the 
saturated compounds arc very stable. 

(ft) Relative Stability of Ring Compounds . In the case 
of trimethylenc or cyclopropane the carbon atoms lie at the three 
corners of an equilateral triangle. The angle between their valency 
bonds engaged in C—C linkages is 60° , i.e., there is a deviation of 
(109° 28'—60°) = 249 ° 28' from the normal angle (109° 28'). In other 
words, each valency bond has been deviated through half this angle 
(~24° 44'). 

In cyclobutane the four carbon atoms arc situated at the four 
comers of a square. The angle between the valency bonds engaged 


o o 

O & ^ © 


° y.y ° 

o o 


Cyclopropane cyaobutane 

Hi* M'6—Atomic model* of cyclopropane and cydobotace. 
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Pig. 14*7—Atomic model 
of ■ double bond. 


in C— C linkages if 90*, u., there is a deviation of {109° 28'— 90^) 
jHHHHHHHHK *=19° 28' from the normal angle (109* 28')/ 
In other words, each valency bond has been 
deviated through half this angle (**9° 44'), 

B Double bond is a limiting case of a 

H ring system with zero angle Between its 

valency bonds. Here each valency bond 
u ! % * $ has suffered a deviation 

The deviations or bendings of valency 
H bonds from the normal angle (109° 28') in 
various cycloparaffins can be calculated in 
rjtf i i a similar manner and are given below : 

?«; ,y Ring Deviation Ring Deviation 

Double bond +54° 44' Cyclopentane +0° 44' 
Fig. 14*7—Atomic model Cyclopropane +24° 44' Cyclohexane —5° 16* 

of a double bond. Cydobutane +9° 44' Cycloheptane —9° 33' 

(+) sign indicates the bending of valency bonds inwards whereas (—) 
sign indicates bending of valency bonds outwards. 

According to the Strain Theory, the strain is directly propor¬ 
tional to the deviation from the normal angle. Thus the above 
figures indicate that the strain is minimum in cyclopentane and 
maximum in cyclopropane. In the case of double bond strain is 
greater than even cyclopropane. 

Further instability being directly proportional to strain, cyclo¬ 
pentane is more stable than cyclobutane or cyclopropane and double 
bond is the least stable of all. These deductions are fully borne out 
by their chemical reactions. 

(c) Instability of Unaaturated Compounds. Unsaturated 
compounds contain double or triple bonds which involve bending of 
valency bonds. Due to bending of valency bonds from the normal 
angle there is strain in the molecule. Instability of unsaturated com¬ 
pounds is due to this strain. 

(d) Mechanism of Addition Reactions. Addition reactions 
are characteristic of various unsaturated compounds conta in i n g a 
double or a triple bond. 

In an addition reaction; e.y,, chlorination of ethylene, the 
double bond breaks up due to strain in tho molecule and two valen¬ 
cies are set free. Two chlorine atoms are taken up, one at each 


valency set free. 

H 

I 

H—C 
U 

H—C 


H—C... 

I 

H-C... 


H 

H-A-Cl 


h— c — ca 


H 

Ethylene with 
• doable bond 


v ** 

Ethylene with double 
bond ruptured and two 
valencies set free in 
presence of chlorine. 


chloride. 
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12. Theory of Strainless Riagi, —According to Baeyer, the 
carbon atoms of a ring lie in the same plane. The strain was calcu¬ 
lated on the assumption of planar rings. The strain is minimum for 
cyclopentane and goes on increasing as the size of the ring increases. 
Hence members higher than cyclopentane should be increasingly 
unstable. 

A parallel exists between the ease of formation of a ring and 
its stability. This implies that very large rings should be difficult, if 
at all possible, to prepare due to the great strain involved in the ring. 
Chemical stability of a ring can be measured from its heat of com¬ 
bustion per methylene group as given in Table 14' 1. 

According to results shown in Table 14*1, heat of combus¬ 
tion per methylene group decreases or, in other words, the stability - 
increases up to five- and six-membered rings and then remains 
constant. 

Table 14'1—Heats of Combustion 


Number of carbon atoms 

Heat of combustion In 

Deflation from tbs 

In the rings 

kJ per methylene group 

KMMlMfte 

2 (Ethylene) 

711 

+54*44' 

3 {Cyclopropane) 

697 

+24-44' 

4 ( Cyclobutane) 

685 

+ 9° 44' 

5 ( Cyclopentane) 

6 ( Cyclohexane ) 

664 

659 

+ 0°44' 

- 5° 16' 

7 {Cycloheptane) 

662 

- 9° 33' 

8 and higher 

661-665 

-12° 46' 

and higher 


Thus contradictory results are obtained from the internal strain 
data and chemical stability from heat of combustion data. The 
apparent anomaly was explained by Sachse in 1890 by rejecting the 
postulate that all rings are planar and by assuming that rings with 
bix or more carbon atom* are puchtred. These are straiidess as the 
carbon atoms lie in different planes and the normal valency angle is 
retained . 

According to Sachse cyclohexane exists in two forms ‘boat* or 
C form and ‘chair* or Z form as given below (Fig. 14’B). The two 



Fig* 14*8— Strainless cyclohexane rings. 

forms have not been isolated so far. This is explained by saying that 
the energy of inter conversion of the two forms being very small 
(20*9 JkJ per mole) one form readily changes into the other* 
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Mohr (1918) further elaborated this theory and applied it to 
compounds with the two rings fused together. 

Ruzicka* and others have succeeded in preparing ring com¬ 
pounds up to thirty-four carbon atoms in the ring and these have 
been found to be remarkably stable. Their stability could only be 
explained on the assumption of strainless rings. 

13. Goulton wid Moffit’s Concept of Msxlmam Over¬ 
lapping of Carbon Orbitals. —In the light of valency bond theory 
the reactivity of double bond is explained by the a electrons. When 
four identical groups are attached to a carbon atom, the four car 
bon valencies are equivalent and the valency angle is 109° 28'. When 
the fopr groups are different, the four valencies are not equivalent and 
these now point towards the four corners of an irregular tetrahedron. 

According to Baeyer’s strain theory, the configuration of cyclo¬ 
propane is an equilateral triangle with valency angles of 60°. This 
value is impossible as the carbon valency angles can never be less 
than 90° (when these are pure p-orbitals). The angles are more than 
90° when hybridisation occurs. 

According to Coulson, the smallest carbon valency angle which 
one can reasonably expect to have is 104°. He, therefore, suggested 
that in cyclopropane only a partial overlap of the *p 8 -hybridtorbit* 
taJs occurs, so that the C—C—C bond angle is decreased slightly 
(104°) and the H—C—H angle (120°) is opened from the normal 
tetrahedral angle. In fact the carbon orbitals overlap at an angle to 
give so-called bent bonds (see Fig. 14’9). This decrease in overlap 
results in weakening of the bonds and explains the instability of cylo- 
propane. 



Fig, 14*9—Incomplete orbital overlap 
in cyclopropane. 



Applying the same argument to cyclobutane (Fig. 14'10), we see 
that this molecule also has bent bonds but the decrease in overlap 
is less than in the case of cyclopropane. Cyclobutane is, therefore, 
more stable and less reactive than cyclopropane. 


Ruzicka, Leopold W. G, (1887— )—Swiss chemist, he was the first to 
synthesise musk. He did distinguished work on polymcthylenes, higher ter¬ 
renes and on organic synthesis. He shared the Nobel Prize for Chemistry 
with Butenandt and in 1939 for their synthesis of sex hormones. 


t It is not pure sp 8 * hybridisation as in saturated aliphatic C~€ bonds. 
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Modem theory thus offers the concept of incomplete orbital overlap 
as a measure of the classical Baeyer strain . 

DIOLEFINS OR ALKADIENES 

14. Nomenclature. —Compounds containing two double bonds 
are called diolefins or alkadienes and have the general formula 
G f9 H s ». l (same as that of alkynes). 

To name a diolefin select the longest chain containing the two 
double bonds as the parent alkane and indicate the positions of side* 
Chains and double bonds by numbers. For example, 

CHj«sCH— CH«*CH a is, 1, 3-butadiene and 
CH, 


CH a =C—CH=CH a is 2-methyl-1, 3-butadiene or Isoprene. 

An alkadiene may have : 

(t) isolated double bonds as in diallyl or 1, 5-hexadienc, 

CH a =CH - CH a - CH 2 -CH- CH 2 

(ii) cumulated double bonds as in allene or propadiene. 

CH a = C-CH* 

(iti) conjugated double bonds as in 1, 3-butadiene. 

15. Preparation nod Properties. —Alkadienes can be pre¬ 
pared by methods similar to those employed for the preparation of 
olefins. For example, 

Butadiene may be prepared by passing cyclohexene over a 
heated nichrome wire. 


CH, 

CH, 

/ \ 

/ 

CH, CH 

CH 

I 11-► 

1 

CH, CH 

CH 

\ / 

\ 

CH, 

CH, 


It is, however, prepared technically : 


CH 

II * (65*75%) 

CH, 


(•) By dehydrogenation of alkanes or aUcenes by passing the vapour 
over heated catalyst (Cr a O a on an alumina support at 800-900 K). 


Cr a O| 

CH a .CH a .CH a .CH a -► CH 2 =CH—CH=CH, 

n-butane — 2H, 1,3-butadiene 


Cr fl O| 

CH s =CH.CH«.CH a -► CHj=CH— CH=CH a 

1-Butcne —H a 1,3-Butadicne 

(it) By passing a mixture of 7, 3-butanediol and steam in the 
ratio 4 r I, over trisodium phosphate+H^PO^ ( 20 %) at 540K. 

—2H.O 

GH s CHOH.CH t .CH a OH-► CH a =~CH--CH=CH a (85*93%) 

(tit) By passing a mixture of ethanol and acetaldehyde vapours over 
heated catalyst (silica gcl+2% tantalum oxide). 
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C a H,OH+CH a CHO —*> CH,=CH-CH=CH,+2H t O 
(iv) By passing a mixture of acetylene and formaldehyde over 
copper acctylide ( catalyst ) followed by catalytic hydrogenation of the 
in t er m ediate product butynediol. 

Cu,C| Hi/Ni 

CH«CH+2HCHO-► CH,OH.CmC.CH,OH-» 

-2H.0 

CH„OH.CH,.CH,.CH,OH-- CH^CH—CH=CH, 

Similarly, isoprene is prepared by heating iso pentyl alcohol 
with hydrogen chloride, chlorinating the isoamyl chloride and pass¬ 
ing the resulting dichloride over soda-lime heated at 770K. 

HQ Q, 

(CH 1 ),CH.CH 1 .CH,OH-*> (CH,),CH.CH,.CH,C1-- 

CH, 

-2HC1 | 

(CH|).CX31.CH 2 .CH 1 C1-#■ CH,=C-CH=CH, 

(Main product ) Isoprene 

It is prepared industrially : 

(») By passing isopentane or isopentylene over heated Cr t O t on an 
alumina support. 

CH, CH, 

| -H, I 

CH,—CH—CH=CH,-► CH,=C—CH=CH, 

Isopentylene Cr,0, 2-methyl-l, 3 -butadiene 

or Isoprene 

(«) From acetone as given below : 


CH, 

CH, 


^)C=0 


NaNH, 


ONa 

CH,—(!l—CaiCH 

(!h, 

OH 

CH„—C—CH=CH, 
C3H, 


H+ 


A1,0, 

670K 


ONa 

| CHmCH 

CH,—C -► 

II 

CH, 

OH 

I 

CH,—C—CaCH - 

CH, 

CH, 

CH,=C—CH=CH, 


H, 

cat. 


Butadiene is a gas (b,p. 271*6K). In the presence of metallic 
sodium (catalyst) butadiene polymerises to give a rubber substitute 
called buna (butadieneNa). 

Isoprene is a liquid (b.p. 308K). On heating with metallic 
sodium at 339K it polymerises to give a product resembling natural 
rubber. 


These give usual reactions of hydrocarbons containing two 
doable beads. Properties of alkadienes containing alternate double 
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and single bonds (conjugated systems) ore abnormal. For example, 
these^undergo abnomal addition reactions and readily polymerise. 

The abnormal behaviour of conjugated alkadienes is due to 
delocalisation of electrons as explained on page 1*101. 

Some other typical reactions of conjugated dienes are : 

(i) Diale-Alder Addition. It is an exceedingly useful reac¬ 
tion used for synthesising cyclic systems. A conjugated diene is 

treated with an alkece (usually substituted with an electron'with- 
drawing group) called a dienophile. For example. 



0 O 

butadiene maleic anhydride adduct 

(dienophile) 

The mechanism suggested above is a one-step process. This 
is supported by the fact that reaction is not sensitive to polarity of 
the solvent suggesting thereby the absence of charged transition 
states or charged intermediates. 

(it) Combination with 80 t to give a cyclic mlphone. 

CH~GH^ 

CH 1 =CH—CH «CHj+SO, —► II >SO, 

CH—CHj 

Sulpholene 
(a cyclic sulphone) 

16. Thiele Theory of Partial Valencies.— Alkadienes 

with conjugated system of double bonds undergo abnormal addition 
reactionns, e.0„ when 1, 3-butadienc is treated with bromine (one 
molecule), two dibromo derivatives are obtained. One of them is 
expected 3, 4-dibromo 1-butene (1:2 addition) and the other ir 
unexpected 1, 4-dibromo 2-butene (1 : 4 addition). 

Br, 

CH 8 =*CH-CH=CH 1 —► CHjBr—CHBr—CH=GH, 

l f 3-Butadiene 3, 4-dibromo 1-butene 

+CH,Br—CH ==CH—CH,Br 

1 ,4-dibromo-2-butene 

It has been found that both of these products are obtained 
together and their relative amounts depend on— 

(i) Nature of the substance being added. 

(is) Nature of the solvent. 

(Hi) Other conditions, temperature, etc. 
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4 thide faggoted in 1899 kb (keoryaj partial wdsaeu* to 
m xount for the unexpected I, 4-addition. According to Mm a 
single bond is enough to hold two carbon atoms together* Ift the 
ease of a double bond the two valencies are not fully used in Unking 
the two carbon atoms together. Out of the two valencies only one 
and a part or the other is actually used up. A part of the second 
valency is left as surplus on each carbon atom. Thiele called this 
surplus valency the residual or partial valency. Representing the 
partial valencies by dotted lines the formula of butadiene can be 
written as: 

CH 2 ~CH—CH^CH, 


Thiele postulated t’.at the partial valencies on middle carbon 
atoms satisfy each otl^r mutually. Thus the actual state of affairs 
can be presented a s 

CH.-CH—CH--CH, or CH*-CH- CII^CH, 


Addition of bromine, etc., occurs at the ends first by attach- 
ment through the partial valencies and then by each bromine atom 
acquiring a full valency. As a result of it the two middle carbon 
atoms utilise completely the two valencies left and a double bond 
remits between them. 

CH,^CH-CH-CH a + Br 2 -► 

CH 2 —CH—CH CH S -► CH a —GH —CH—CH f 

■ kjvj \ jt \ | | 

Br Br Br Br 

Thiele’s theory explains J, 4-addition very nicely but fails to 
explain 1, 2-addition. 

In terms of the modern theory the 1,2 and 1,4 addition can 
be explained as follows : 

( i ) In the vicinity of a ir electron cloud bromine molecule has 

5 + * 

a tendency to separate into positive and negative ions (Br—Bi). 
This approaches the butadiene molecule forming a transition complex 
which breaks down as follows : 

r\ + 

CH t =CH—CH*=CH 8 Br—Br -► CH.=CH~CH—CH.Br+ Br 

(«) The resulting carbocalion ion is capable of forming a 
resonance 'hybrid as follows : 

CH^CH—CH—CH 2 Br ** CH a -CH=CH—CH,Br 

i n 

(in) Addition of the negative bromide ion Br" to this carbocation 
can occur at either positive carbon resulting in 1, 2 and 1,4-addition. 




Ttbubmfow^ ttatl»*non*omkiiigme^^ hexane) 

1,2-addition is more (about 62%) while in an kmizipg solvent («.£» 
acetic acid)* it is mainly 1.4-additk>n (about 70%). This is explained 
as follows: 

(а) 1, 4-addition. Butadiene can undergo the electromeric 
effect in two stages given below : 

nl + r, 

(») CH,»CH—CH-CH, CH,=*CH—CH—CH, 

r * + 

(«) CH S =CH—CH=CH, CH-CH—CH, 

The second product is more stable because in this the charges 
are farther apart as compared with the first. In an ionizing solvent 
the addition of bromine takes place as follows : 

4 -/’■'* r* + 

CH,—CH=CH—CH, + Br—Br -* CH,—CH=CH—CH,Br-f-Br 

->BrCH,—CH=CH—CHjBr 

During addition in an ionizing medium the bromine atom 
breaks off readily as Br' ion which then attacks the terminal 
cat bon atom carrying + charge resulting in 1, 4-addition. 

(б) 1,2-Addition. In a non-ionizing solvent it may be that 
bromine molecule tends to add on as a whole to one of the double 
bonds by a broadside attack. 

CH,=CH—CH =CH,+Br—Br 

1,3-BuUd lenc 

CH, - CH—CH=CH, CH,—CH .CH “CH, 

i : II 

Br.Br -*> Br Br 

Transition state l a 2-addition 

Effect off Temperature. It has been found that during 
addition of HBr to 1,3-butadiene, the 1,2-addition product 
(CH*=CH—CHBr—CH a ) is formed in larger proportion at lower 
temperature whereas 1,4-addition product (CH 3 CH=GH—CH a Br) 
predominates at higher temperature. For example at 3$0K yield 
of 1, 2-adduct is 80% in comparison to 20% at 310 K. The effect 
of temperature can be explained as follows : 

The proportion of the two products obtained at low tempera¬ 
tures is determined by the rate of addition where as that obtained 
at higher temperature is determined by the equilibrium between 
the t*o isomers. 

(i) Eact for the reaction leading to 1, 2-addition is less than 
that for 1, 4-addition. As such rate of 1, 2-addition is higher than 
that of 1, 4-addition. At lower temperature the 1, 2-Adduct which 
is formed faster, is in excess 


(it) The two addition products on ionization form the same 
carbocation (1). 

CM^GH—GHCH^Br^fcCWjCH.^CM.^GHaf^GHaCHBiClH—CH a 
1,4-Adduct (D +Br~ 1.2-Addocf 

TOC-1I-I83-4 
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If 4-Adduct ia more it able than (he 1,2-Adduct. Energy 
difference between ' ,v-adduct and the carbocation (I) is, there* 
fore, less than that between 1,4-adduct and the carbocation. Ioniza¬ 
tion ofl .2-adduct is. therefore, easier than that of 1, 4-adduct. 

At lower temperature ionization o both adducts is very small 
and 1,2-adduct which is formed at a rapid rate is present in large 
proportion. 

At higher temperature ionization becomes important. 1,2* 
adduct ionizes more readily in comparison to 1, 4-adduct. As such 
the 1, 4-adduct though formed slowly accumulate s since it does not 
ionise readily. At the equilibrium point, I, 4-adduct is, therefore, 
the major product. 

17. Free Radical ' Addition Reactions of Conjugated 
Diene*. —Under certain conditions addition to a conjugated diene 
saay be a free radical addition reaction. However, in this case 
also it leads to the formation of both 1,2* and 1,4-addition products. 
Far example, addition of BrCCl s to 1, 3-butadiene in presence of 
a peroxide is a free radical addition leading to both 1, 2- and 
1, 4-adducts. 

Peroxide 

CH,= CH-CH=CH I +BiCCl I -► 

GH t =CH—CH—CH, + CH,-CH—CH—CH M 
III I 

Br CC1, Br CC1, 

1, 2-Adduct 1, 4-Adduct 

MnftmtanoF the Reaction : 

(i) Peroxide-^Rad' 

(ii) Rad' + BrCCl,-^Rad—Br -f CC1, 

Free radical 

(mV) CH,=CH-CH=CH, + CC1, -► 


CH j -CH-CH-CH 1 ^*CH 8 -CH=CH-CH 1 
(A) I <B) | 

GC1, | CCJ 3 

00 BrCClj | (/r) BrCI, | 

UHj=CH—CH—CHi+'CC1, CH t -CH«CH-CH l + C0 1 


Br CCJj Br CC1. 

1. 2-Adduct 1, 4-Adduct 

(t) and (ii) arc the chain-ini dating steps whereas (tit) and 
(it) are the 1 chain-propagating steps. 


The product of step (tit) is a resonance hybrid of two struc¬ 
tures (A) and (R) which in step ( iv ) react with BrCCl t to yield 1, 2 
and 1 , 4-adducts respectively. 


Conjugated dienes are more stable than simple alkenes but 
the free radical addition to conjugated dienes is faster than addition 
to sample alkenes. 

Hew can we explain tU« unexpected reactivity of eea- 
jugmted <tien«s towards fire* radical fddidii ? This Is due to 
much greater stability of tb% intermediate free radical obtained 



A UR 


m 


(stabilised by resonance) compared to the stability of intermediate 
free radical obtained from simple alkenes. Ease for the formation of 
the former free radical is, therefore, much less than that for the 
formation of the latter free radical. Because of this the free radical 
addition to dienes proceeds at a faster rate. 

18. Relative Stabilities of Dime*. —Conjugated dienes 
have been found to be more stable than the other dienes. For 
example, heat of hydrogenation of 1, 4-pentadiene is 254*4 kj mol -1 
and that of 1, 3-pen tadiene is only 234*3 kj moJ" J showing thereby 
the latter (a conjugated diene) is more stable than the former. 
Greater stability ol the conjugated dienes is explained as follows : 

(•) Dae to Resonance. A conjugated diene forms a resonance 
hybrid of the following structures : 

CHi=*CH—CH=CH,*—►CH g ==CH—CH—CH a «—► 

(I) (U) + 

CH,—CH=CH—CH, 

(in) 

However, there is still another contributing structure given 
below : 


CH,—CH*=CH -CH, CH,—CH=CH—CH, 

A diradical 

(IV) (V) 

There are two electrons with antiparallel spin in (IV), since 
the number of unpaired electrons in each canonical structure must 
be the same. These two paired electrons would, therefore, form a 
long bond as shown by dotted line in (V). The distance between 
them being too large, the bond is not effective one and is termed 
a format bond. 

Thus the most important contribution to resonance hybrid is 
made by structure (I) and the resonance energy is expected to be 
small. It is found to be 14'64 kj mol' 1 . Thus in 1,3-butadiene 
the two terminal double bonds have very small single bond charac 
ter and the central single bond has a very small double bond 
character. 

(it) Dne to Delocalisation of Electrons. This has been 
discussed on page 1*101. 

(it i) Dae to Variation In Bond Energies, More recently 
it has been suggested that greater stability of conjugated alkadienes 
is not due to resonance stabilisation or delocalisation of electrons. 
It is now believed to be due to variation in bond energies arising 
from the difference in the hybrid state of the carbon atom. Some 
bond lengths and bond energies are given below for ready reference. 



md length 

Bond energy 

(A) 

(kJmol-i) 

134 

3463 

1*50 

357*5 

1*46 

382-5 

1*43 

383*2 

143 

403-7 

1*38 

433*5 
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C(*n-H 


Ml 

MO 

1*08 

1*34 


412*8 

412*9 

428*4 

398*7 


TEST YOU* UNDERSTANDING 


1. the treater the number of alkyl groups attached to the doubly bonded 
carbon atoms, the more stable the afkene . Give the name of this rule and with 
ft* help arrange the following alkenes in the order of (a) Decreasing stability, 
and (6) decreasing ease of formation. 

RiCmCR| p R^CvCHg ) CH|*CH| j RgC^CHR • RCH**CHR j RCH*CH|> 

2. Give stratum of various alkenes expected from dehydiohalogenation 
of (a) 1-chloropentane ; (b) 2-chloiopentane ; (c) 3-chloropentane ; id) 2-chloro- 
2-rathylbuUne ; (e) 3-chloro-2-methylbuune; (/) 2-<^ro-2,3-diroefoylbutaoc; 
(*) l-chloro-2, 2-4iincthylpropnne. Predict the major product m each case. 

3. What alkyl halide, if any, would yield each one of pure alkcne upon 
dchydrohalogenatkm 7 

(a) Isobutylene ; (b) l -pcntenc ; (c) 2-pentcne ; (df) 2-methyl -1-butene ; 
(e) 2-methyl-2-butcne. 

4. Stability of the carbocations is in the order : 

AUyl or tertiary > secondary > primary > CH, $ 

More stable the carbocation y more readily it Ls formed. A carbocation 
undergoes rearrangement to give a more stable carbocation. 

Keeping these facts in mind, explain the formation of 2-Butene on dehy¬ 
dration of 1-butanol. 


HBr 7 


5. Predict the major product of dehydration of each of the following : 

(a) (CH,),C(OH).CH t .CH, ; (6) (CH.J.CHXHOH.CH, ; 

(c) (CH,) l C(OH).CH(CH t ),. 

6. ( 0 ) What is the acid (Oman aqueous solution of HBr, and (//) in dry 


(b) Which is the stronger add in the above 7 

(c) Which can better transfer hydrogen ion to an alkcne 7 

7. Electrophilic addition to a carbon-carbon double bond involves the Inter¬ 
mediate formation of the more stable carbocation. Which rule is replaced by 
this general rule ? 


8* Addition of HC1 to 3-methyl-1 -butene yields mixture of two alkyl- 
chlorides. What are they likely to be and how is each formed 7 

9. Free-radical addition to a carbon-carbon double bond involves the 
Intermediate formation of the more stable free radical. The stability of free 
radicals is in the order: 


allyl > tertiary > secondary > primary > CH t * > vinyl 

Keeping these facts in mind 

( 0 ) formulate the addition of Br a to propylene and addition of HBr to 
the resulting free radical, and 

(6) explain the action of Cl, on propylene at 80Q-900K. 

10. Identify A, B, C, D, and E in the following assuming that various 
possibilities are: alkane, alkene, alkyl halide, secondary and tertiary aloohoL 

Compound Extra elements Solubility BtJCCL KMnO, CrO. 
detected in HgSO, 

A — Insoluble — — _ 

B — Soluble — M 4 . 

C Cl Insoluble — —. _ 

* D — Soluble + + — 

B - Soluble — I _ 

11. When HCl is added to acrolein, CH.~CH.CH~0, the addition 
ocean contrary to MarkownikoTs rule to give OCH 1 .CH t .CH~<J. Explain 

s."ist sr ssiass ses 
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13. Draw the energy profile* for the roectiom : 

(I) MeCH—CH»+HX —► M*CH,.CH,© + X~ 

• 

(10 MeCH—CH.+HX —► MeCHMe + X* 

Give reasons. 

KEY 

1. r 4 c-cr 1 >a,c-chr>r,c-ch,. rch-chr>rch-ch, 

2 . (r) lira none. 

3. (a) (CH,), C-CH. CH,; (6) (CH,),C-CH.CH, ; 

(e) (CH*)|C—QCH*),. 

ft. la) (0 H«& ; ((0 HBr; (ft) HBr; ( e ) HBr. 


7. MirkownikofTs rule. 

10. A Is alkane ; B Is secondary alcohol; C is alkyl halide; D is aikene ; 
E is tertiary alcohol. 

11. It is a conjugated system and as in the case of conjugated dien e 
addition at the end is preferred resulting in the formation of resonance-stabilised 
carbo cation. 


CH.-CH—CH-0+H+ —►CH t «CH«CH—OH or CHr<ll«CH«0 

*-■' 1 » " * *■ y-* 

® * 
More stable at stable mb 

positive charge is positive time Iv 

carried by carbon carried partly bp 

atoms alone highly electro¬ 

negative oxyg en atom 

• CH*—CH—CH—OH«*CH«Cl—CH*—CH—O 
^ Bnol form Koto form 


CH.-CH-CH—OH 
*■ t r 

e 


Q- 


h+ 

12. Me,C-CH, —► Me.Cffi CH,-CM*,—* 

^ _H+ 

Me a C—CH.—CMe,-► Me p C—CH-CMc.+Mc/^-CH,—CMe-CH. 

Dis tin gu ish by osonolytis. 



13. Me£H B Me (2°carbo- 
cation) U mm stable than 
MeCH.CH 1 +<|° carbocation). 
The former has lower energy 
level. 


Eewi for reaction (Q is 
therefore less than that for 
reaction (if)- This Is depicted 
in the energy profile (Fig. 14*11). 


Fig. 14*11. 

QUESTIONS 

A. Essay Type: 

1. (a) What happens when propylene is treated separately with HBr 
and HOC! (i) in presence of» and (10 in absence of peroxides ? State the rule 
Involved in these reactions. 
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(b) Discuss the structural formula of ethylene. 

(Delhi B.Sc. Hons. Sub. 1976) 

2 . Give the preparation and properties of ethylene. Explain electrophilic 
additions to it by halogens. (Jammu B.Sc . 1977 ) 

2. Write a note on Baeyer’i strain theory along with Sadtie and Mohr 
Theory of strainlcss rings. (Guru Nanak Dev B.Sc . 1977 ; Kerala 1975) 

4. (a) What products are obtained when the following compounds 
undergo mono-substitution: 

(/) Propane, and (If) Propylene ? 

(b) Give examples of two different kinds of addition products when 
Propylene reacts withHBr under different conditions. 

(Delhi B.St. Haas. Sub. 1977) 

5. What is ozonolysis 7 Taking at least one example or an olefin, explain 
as to how it helps in the location of a double bond. (Delhi B.Sc . Hans. 1977) 

4, Give the mechanism of the following reactions: 

(0 Dehydration of alcohols. (it) Dehydrohalogeoation. 

(ill) Peroxide effect. (iv) Alkylation of alkencs. 

(Guru Nanak Dev B.Sc. 1977 ; Jabalpur 1976) 

7. Enumerate and dbcuas various methods available for the preparation 
of alkeaes. Give the properties and uses of ethylene. 

8 . (a) How is ethylene prepared in the laboratory 7 How does it react 
with bromine water, (b) cone, sulphuric acid, (c) hydrogen chloride, (d) acidified 
potassium permanganate, (e) hypochlorous add, and ( f) ozone 7 

9. Give evidence in support of the double band formula of ethylene. 
Name the compounds and indicate the conditions under which they are formed 
whan propylene is treated with (a) bromine, (b) hydrogen bromide, (c) hypo- 
chlorous nod, (d) ozone, and (t) cone. EUSO 4 . 

19. Write a abort note on : 

(а) M Detection and location of double bonds/' (Delhi B.Sc. 1971) 

( б ) Mechanism for hydration of olefins. (Punjab B.Sc , 1970) 

11. (a) What are alkadienes 7 Name two important alkadienes and state 
their importance in industry. 

( 6 ) Give the preparation and properties of Butadiene. (Delhi B.Sc. 1971) 

12. Write an essay on Thiele's theory of partial valency. 


13. 


Complete the following reactions : 
(a) CH*CH 1 .CH»CH t +Ha —► 


(W (CH 1 ) i CH+(CH,) 1 C-CH, 
(c) CH^CH-CHt+HOCl —i 

<<0 *^C—-CH*—CH.CH, • 

(In 


Cold cone. H.SO, 


cone. H|50 4 


cone. H|S0 4 
M (CH,) f C-CH t -► 

14. How will you p r epa re the following : 

(a) Propane from e-propyl alcohol. ( 6 ) n-Propyl bromide from propene. 

(c) 1-Butene from ], 2-dichlorobulane. 

(d) Allyl chloride from propene. (e) Glycol from ethylene. 

15. Write down the structural formulae of olefins from which the follow¬ 
ing products are obtained on ozonolysis : 

(a) Ethyl methyl ketone and prppkmaldehyde, 

W W TUVtWeh >^ (CH,CO.CHO) and two molecules of 

(c) CjckrptaDone and acetone. (d) Formaldehyde only. 
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y CHO 

(*) Two molecules of CH,£ ( /) 2 P 6-HepUnedicne. 

'CHO 

(g) Ethyl methyl ketone end acetaldehyde. 

16. What is peroxide effect 7 Explain the mechanism of psroxhle 
initiated addition of hydrobromic acid on propylene. Why is peroxide effect 
not shown by hydrochloric acid 7 {G.N.D. B.Sc. 1976, 75) 


17. Explain the following : 

(/) Addition of bromine to alkeoe in a two-step process. 

07) Anti-Markowmkoff addition to alkene is possible in case of HBr. 

f B.N.C. B.Sc. 1976) 

IS. Give the mechanism of allylic substitution in alkencs. 

(G.N.D. B.Sc. 1976) 

19. Discuss the mechanism of the following reactions : 

(i) >C~C<+Br,+AlBr, (addition). 

(if) Dehydration of alcohols. 

(ui) Dehydrnhalogenation of alkyl halides. 

(iv) Formation of halohydrins. {Punjab B.Sc. 1976) 

20. Give the structure of aikenes that yield on ozonolysis 
(i) only acetone 

{n) CH,—CH—CHO and CH.CHO 

c!:h. 

What would each of these aikenes yield upon cleavage by KMnO, ? 

( Punjab B.Sc . 1976 Supp.) 

B. Short Answer Type : 

1. Complete the following reactions. Giving reasons in support of your 
answer, assign the structure to the main product formed tn each ease : 

(1) AgOH 

J CH.-CH—CH,—CH.JI- 


(0 


wo 


L(CH ( >,N+ 

KOH 

CH|—CH—CH a —CH,-► 

L 


(2) heal 


(Hi) (CH,),C—CH b Br 


KOH 


(Delhi B.Sc . How. 1980, 76) 


2. State and illustrate the rule which governs the addition of HBr to 

propylene. {Delhi B. Sc. 1976) 

3. Account for the fact: Addition of bromine to ethylene in the 
presence of NaCI gives not only BrCH,.CH,Br but also BrCH a .CH a C1. 

{Kerala BJSe . 1979) 

4. Explain briefly why butadiene gives 1, 2 and 1. 4 addition products. 

{Delhi B.Sc . Hons 1976 \ B.Sc. 1977) 

5. Why is the chair Form of cyclohexane more stable than the bout 

form ? Make diagrams of both forms. ( Delhi B.Sc. Hoks. 1976 ) 

6. Give chemical tests to distinguish between 1-Butene and 2-Butene. 

(Delhi B.Sc. 1976 ; B.Sc. Hons. 1976) 

7. Write a note on MarkOwnikofT’s rule, (Delhi B.Sc . 1977) 

9. Write ■ note on mechanism of addition of bromine to ethylene. 

{Delhi B.Sc . 1977) 

9. Predict the products formed : 

cone H B SO, 

(0 CH,.CH,.CH,.CH,OH-► 

A U40 e ) 

(Delhi B.Sc . Hons Sub . 1977) 


HOCI 

(ii) CH,.CH~CH,-► 

10. Name the following; 

( 0 ) (CH|)| C-CRu 
lc\ _^ 0DJC 


(b) (CH.), C~CHC.Hn. 

. ... ,_ (4) (CR). CH.CH~CH.CIV 

(r) CH..CH, CH.Q-CHCH.) CRCH-CH,. 
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11. Write structural formulae for: ’ 

(«) 4-elhyl-5-methyl-2-hexeiie t (A) 2» 3-diethyl-J, 3-butBdicne. 

(r) Trimethyleihylenc or 2-Methyl-2-oulenc. 

(d) 3, 5-octadicne. (e) 3-methyl-1-butene. 

U> Which compound would you expect to have large heat of hydro¬ 
genation (in kl mol -1 ) cij-cyclooctene or irons cydooctene ? 

13. Write step-by-step mechanisms that account for each product of 
the following reactions and explain the relative proportions of Iho isomers' 
obtained. 


I H+ CH.v yH 

CH*—C—CH.OH-► 

I heat CH,/ \H 

CHj 


. H \ c 
-r /1* 

CH,/ 


yCH.CH, 

'\CH, 


(major product) (minor product) 


14. Show all steps in the ncid-catalysed hydration of propene. Explain 
why the product is 2-propanol and not 1-propanol. 

15. Give the structure and name of the product obtained on addition of 
I-Cl to propene. 

Id. Write all steps of mechanism for the acid catalyzed dirr.crisation 
of propenc. What would be the major product ? 

17. t When 2-Butene is treated with hydrogen chloride in ethanol, one of 

CH CH 

the products of the reaction is * *^CH—OCH,CH B . Write mecha- 

CHi 

nism to account for this product. 

18. Arrange the following alkencs in order of reactoity toward acid- 
catalyzed hydration and explain w ith reasoning. 

CH,=CH f , CH a -CH-CH a , CH a —C-CH. 

^H, 

19. Write a mechanism that explains the course of the following 
reaction: 

CH, CH, CH, 

I HCI || 

CH,—CH—C—CH,-► CH,—C-CH-CH, 



29. The relative rates of addition of hydrogen chloride to the following 
alkenes increase in the order below: 

Ethene < propenc <2-Bu tenc < 2-Me thy Ipropen c 

Explain. 

21. Explain the following equations: 

Cl, 

(0 CHa-CH-CH,-► 

770 K 
OH- 

(tf) CH.CHd CH.CH,-•* 

EtOH 

( Delhi B.Sc. Horn. Sub. 197b ) 

22. Discuss the mechanism of addition of HBr to propene. 

(Andhra B.Sc. 197b) 

23. Di'cuss the mechanism of free radical addition to conjugated 

dienes. ( Punjab B.Sc. 1971) 

24. Explain, with a suitable reaction, the mechanism of 1,4 addition. 

(Punjab B.Sc. 1972) 

28. What is meant by 1,4 a nd 1. 2 electrophilic addition to conjugated 
dienes. Explain fee reaction mechanism involving these additions by selecting 
suitable examplet. How does temperature affect the rale of d- w reactions? 
Explain. (Punjab B.Sc. 197S) 
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26. Explain Electrophilic Addition to 1, 3-butadiene. What is the 
effect of temperature on the addition of bromine to this compound 7 

(B.N.C. 0.5c. 7976) 

27. On the basis of reaction mechanism give the structures of the chief 
product or products expected by the action ofBr.CCI, in the presence of 
peroxide on : 

(/) l, 3-butadicne (tf) 1, 3-pcntadienc 

(Hi) 1, 4-pentadiene (iv) 2 -methyl-L 3-butadiene. 

(Punjab B.Sc. 1976 Supp.) 

28 Addition of hydrogen choride, hydrogen bromide and hydrogen 
iodide to propene leads to the formation of corresponding isopropyl halides. In 
the presence of peroxides addition of hydrogen bromide gives n-propyl bromide 
and of hydrogen chloride gives isopropyl chloride but with hydrogen iodide only 
iodine is liberated and no appreciable addition reaction takes place. Given that 
the bond strengths or the hydrogen halides are as HCl>HBr>HI, suggest an 
explanation for these observations. (Delhi B.Sc. Hons. I Year 1971 ) 

C. Problems : 

1. An alkenc X on ozonolysis, gives CH».CH |a CHD and HGHO. What 

is the structure of X ? What products would it form, if it is oxidised with acidic 
potassium permanganate solution 7 (Delhi 5.5c. Hons, Sub . 1977) 

2. On ozonolysis followed by reduction an organic compound C T Hu 
(A) gives an aldehyde C,H«0 (B) and a ketone C«H a O (C). Identify the com* 
pounds A, B and C. Express the above reactions by means of cjuations. 

3. Write down the structures of the compounds A and B on the basis of 
the following data : (i) A and B both yield normal butane on reduction with 
zinc-copper couple, (/i) When refluxed with sodium a nd ether, A yields normal 
octane while B yields 3, 4-dimethylhcxane. 

4. An unsaturaled hydrocarbon A on hydration gave an alcohol B. 
Oxidation of B gave ketone C. When the hydrocarbon A was submitted to 
ozonolysis it gave formaldehyde and propionaldchyde. What formulae would 
you assign to A, B and C ? Give the reactions involved. 

5. An unsaturated hydrocarbon of the formula C a H u on hydrogenation 
absorbed two molecules of hydrogen. On oxidation it yields one molecule each 
of acetic acid, malonic acid and acetone. Give the structure of the hydrocarbon. 

6. A hydrocarbon of the formula C»H| B absorbs two molecules of 
hydrogen when hydrogenated. On oxidation it gives one molecule each of 
acetic acid, propionic acid and acetoacetic add. Deduce the structure of the 
hydrocarbon. 

7. On reduction of compound C ( H ia (A) gives first C c H ta (B) and finally 
C.H 14 (C). On ozonolysis followed by reduction (A) gives two aldehydes 
C t H c O (D) and CiHtOt (E). Oxidation of (B) with acidified potassium per¬ 
manganate gives the acid CaHjOi (F). Identify the compounds A to F and 
express various reactions involved by means of equations. 

8 . A pure hydrocarbon of the formula C a H ia decolorises bromine solu¬ 
tion. It dissolves in concentrated sulphuric acid and yields 2-methytbutane on 
hydrogenation. On oxidation with potassium permanganate it yields one mole¬ 
cule of acetone and one molecule of acetic acid. Derive the structural formula 
of the hydrocarbon from the above data. 

9. Bromination of an organic compound of formula QHu yields 
CiHitBri. On reduction the compound gives 2-methylpentane. On oxidation 
it yields a mixture of acetic and isobutyric acids. Assign a structural formula 
to the organic compound and give its IUPAC name. Express the above 
reactions by means or chemical equations. 

10, A pure hydrocarbon of the formula C B H tl decolorises bromine solu¬ 
tion, dissolves in concentrated sulphuric acid, yields 2-methylpentane on hydro* 
fenation and on ozonolysis gives formaldehyde aid 3-methylbutanal. 

Give the structural formula of the above compound and formulate the 
above reactions. ( Delhi B.Sc, 1971) 
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11. A compound A, C 4 H|Br, on treatment with alcoholic KOH.gavecom. 
pound B. C 4 H a . Treatment of B .with ozone followed by reduction yielded 
Cp,CH=0 as the only product. What two possible slrueltrci for B account Tor 
these facts 7 What is the structure of A ? 


answers 

B 1#. («) 2-methyl-1-propene. (6) 2-methyl-2-pentenc. (e) 2-Butene, 

(rf) 4 Methyl-2-pentene. (e) 4-propylhexa-l, 4-diene. 

11. («) CHr-CH-CH-CH- CH-CH, (b) CH.-C-C-CH, 

C,H, d^H| C|H, C,H, 

(e) (CH,),C«CH.CH,. 

(d) CH t —CHi—CH—CH—CH—CH—CH,—CH,. 

(e) CH.—CH—CH-CH,. 

<b, 

C. 1, X is CH..CH..CH-CH, (l-3utene). 

I acid 

i-» CH.CHtCOOH + HCOOH 

fCMnOft Propionic acid Formic acid 
Ozonolysis 

/CH, followed by 

2. CHaCH.-CH-C^ --♦ CH,CH f CHO 

^CiH* reduction Propionaldehydc (B) 

3-Methyl-3-hexene (A) 

CH.v 

+ ^C-0 

c*h/ 

Ethyl methyl ketone (C) 

3. A is CH a ,CH a .CH,.CH,X (1-Halogenobutenc). 

B m CH..CIVCHX.CH, (2-Haloienobutane). 

4. A n CH,.CH,.CH—CH, (1-Butene) 

B is CHb.O^CHOH.CH, (2-Butanol) 

C ia CH«.CH|.CO.CH b (Butanone) 

b. CH b .CH-C.CH b .CH-CH.CH,-CH 1 
d:H, 

3-Methyl-2p S-octadiene 
6. CH i .C-CRCH I .CH-CH.CH i .CH, 

d:H, 2'Methylocta-2,5-diene 

H, 

1. CH,.CH—CH—CH—CH .CH,—►CH,.CH,CH—CH .CHtCH* 

2, 4-Hexadiene (A) 3-Hexene (B) 

^onolysU I followed by I 

Auction I ) H, 

2CH..CHO* +OHC-CHO CH,CH,CH,.CH,.CH t .CH, 

Acetaldehyde (D) GJyoxal (E) n-hexane (C) 

(2 molecules) 

KMnO, 

(B)-► 2CH 1 .CH t .COOH 

Propionic acid (F) 

f. CHr-C~ CH—CH, (2*Methyl-2-butene) 

Alii 
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». CH,.CH.CH—CH.CH, —4 CH.CH—CH—CH.CH, 

CHi I CHa Br Br 

4-Methyl-2-pen tenc H, 

0 J +CH,.CHCH,.CH,.CH, 

2-Methylpentene 

Iwbutync acid Acetic add 

CH,.CH.C3I l .ai-CH 1 —4 CH,.CH.CH,.CH,.CH, 

A*. U 

4-methyl-1 -pentene 2-me»hylpenUne 

J CH,.CH.CH,.CHO+HCHO 
ozonolysu I 

3-methylbutaaal 

11. Structure of B 

CH, CH, CH, H 

H L. t 

H li H CH, 

„ cij-2-Butenc irons- 2-Butene 
Structure of A 

Ck t —CH.—CHBr—CH, (2-Bromobutaoe) 
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1. The Acetylenes. —The unsaturated hydrocarbons that 
contain one carbon-carbon triple bond are called Acetylenes or 
tlkyne$ and have the general formula CnB^ t; Acetylene, GH«CH 
being the simplest alkyne, the homologous series is referred to as the 
Acetylene aeries. The triple bond is also known as the acetylenic 
fond. 

2. Nomenclature. —Higher homologues are named either as 
derivatives of acetylene or after the corresponding paraffins (TUPAC 
system) by changing the suffix -one into -ynt. The rules of 
numbering the carbon atoms are the same as for olefins. The names 
of a few homologues are given below : 


Formula Corresponding paraffin 

Common name 

IUPAC name 


Alkanes 

Acetylenes 

Afkynes 

CH-CH 

C. H, 

Ethane 

Acetylene 

Ethyne 

CH,.CnCH 

C.H, 

Propane 

Methylaoety- 
lene or Allylci p 

Propync 

CH J .C*C.CH, 

C|H lt 

Butane 

Dimethyl acetylene 
or 0-Crotonylenc 

2-Butyne 

CH 3 CH,CaCH 


Ethylacetylene 
or e-crotonylcne 

1-Buty oe 


IUPAC system is more convenient for naming higher members. 


ACETYLENE OR ETHYNE, C,H V 

3. Occurrence. —It does not occur freely in nature. Traces 
of acetylene are present in coal gas (about 0*06%) and gases produced 
by incomplete combustion of coal gas and other organic substances 
Kike alcohol and hydrocarbons. For instance, when a Bunsen burner 
strikes back, the issuing gas contains about 0*8% of acetylene. 


< d. Preparation. —(i) By the action of water on calcium 
carbide .* Acetylene is prepared in the laboratory by this method 

„ , 9^+ ... 2H *° --* Ca(OH), +C.H, 

Calcium carbide Acetylene 

Lumps of calcium carbide are placed on a layer of sand in a 
ilask fitted with a dropping funnel and a delivery tube (Fig. 15*1). 
7 he air of the flask xs displaced with oilgas as acetylene forms an 


To c *P ,ain toe letravalency of car 
CSC, the equation can be written as below : 



„ /OH CH 

Ca' -r a 

N>H CH 

Calcium Acetylene 

hydroxide 


260 
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exglkmim mixture with air. Water is dropped from the dropping tunnel 
ud acetylene evolved is collected over water. 

Acetylene prepared by this method is not pure but contains 
Mall amounts of phosphine* hydrogen sulphide, arsine* ammonia* 
etc. The impunities depend upon the purity of calcium carbide used. 
The gas is purified by bubbling it through acidified copper sulphate, 
acidified dichromate or bleaching powder solution. Whereas other 
Impurities are dissolved in water or react with the acid, phosphine is 
retained as copper phosphide or phosphoric acid. 



(si) By dehydrohalugznation of dihalides in two stages : 


CH a 

C^HBv 


or 


W| 

Elhylidene 

bromide 


CH t Br KOH ale, CH a NaNH. 

| - ► |- 

CH t Br —KBr ; —H a O CHBr 

Ethylene Vinyl bromide 

bromide (very unreacuve) 


CH 

■ 

CH 

Acetylene 


The vinyl halide obtained in first stage is very unreactivr, use 
of a stronger base is, therefore, required for dehydrohalogenation 
Kn the second stage. 


(jit) By the electrolysis of a concentrated solution of sodium or 
potassium salt of maleic or fumaric acid (Kolbe’s reaction). 

4t anode: 


CHCOO- CH 


I | 

CHCOO- CH 

Fumarate ion 
At cathode i 

2H a O + 2e‘ —► 20H- + H g t 


+2CO, + 2e~ 


(iv) By heating a trihalogen derivative of methane with silv* r 
powder , e.g. 9 by heating iodoform with silver powder. 

CH | l a +6Ag+l, 1CH —» CH-CH + 6Agl 
Iodoform Iodoform Acetylene 


S. Manufacture.— (i) Laboratory method of preparation of 
acetylene from calcium carbide is also used industrially since 
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calcium carbide is readily manufactured by heating calcium oxide 
with coke in an electric furnace and is quite cheap. 

2800-3100K 

CaO+3C-► CaCa+CO 

Acetylene needed for welding purposes by oxy-acetylene flame is prepared 
on the spot by an automatic plant (Fig. 15*2). Calcium carbide is placed in a 
cage fitted in a gas holder which floats in water placed in an iron tank. 
Calcium carbide reacts with water to give acetylene. As more and more of 
the gas collects, the gas holder rises till the cage goes out of water. As the 
acetylene stored is used up, the gas holder again comes down and the reaction 
starts 



Fig. 15*2—Automatic plant for preparation of acetylene 
needed industrially for welding purposes. 

(si) A more recent method for the manufacture of acetylene is 
based on petroleum. This involves the controlled partial oxidation 
of methane at high temperature. 

1800JC 

6 CH 4 -I-O.--► 2HC*CH+2CO+10H, 

CO and H a obtained as by-products are used in the manulao 
ture of methanol. 

6 . Synthesis. - Bcrthelot synthesised scetylene from its elements by strik¬ 
ing an alectric arc between two carbon electrodes in an atmosphere of hydrogen 
gas and the method is known after his name as Berthelot synthesis, The method 
is of no practical utility and is of scademic interest only. 

2C-f H| * C,H, 

7. Properties ; Physical. — It is a colourless gas with sweet 
smell when pure. The characieiis ic garlic odour usually associated 
with acetylene is due to-phosphine present as impurity. It is slightly 
lighter than air, sparingly soluble in water, but very soluble in 
alcohol and acetone under pressure. It liquefies at 189K under 
ordinary pressure Liquid acetylene is dangerously explosive hence 
use or storage of liquid acetylene is prohibited by law. For transpor¬ 
tation, acetylene is dissolved under nigh pressure in acetone soaked 
on porous material packed in steel cylinders. It is somewhat poison 
ous in nature. 
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The IR absorption region of alkynes depends on whether these 
contain acetylenic hydrogen or not. For example in RCsCH, there 
is absorption in the region 3310 — 3300 cm' 1 (m) due to the =C—H 
stretch and in the region 2140-2100 cm' 1 (w) due to the C=C 
stretch* In alkynes of the formula RCsCR the absorption region for 
C=C stretch is 2260—2190 cm _1 (v). 

Since electronegativities of C*H,, C a H 4 and C?H a are in the 
order: Calls > C,H 4 > C 5 H 4 , it is expected that chemical shifts of 
protons should be in this order. However, in actual practice these 
have been found to be in the following order : 

C a H 4 ($~5 ppm) > C ss H a (^2‘5) > C 2 Ha(S^0'9) 

This can be accounted for on the assumption that there is a 
shielding effect operating in acetylene. The shielding effect is much 
smaller in ethylene. 

Chemical. (1) Burning. Acetylene forms an explosive 
mixture with air or oxygen. In an open jar it burns with a smoky 
flame but in suitably constructed pinhole burners which you often 
see at a petty stall, it burns brightly emitting dazzling light injurious 
to eyes. Oxy-acetylene flame gives a temperature of about 3800K. 

2C.H.+50, —► 4C0 t +2H,0 

Heat of combustion ol acetylene is 1305 kj whereas heat liberated by 
burning 24 g of carbon and 2 g of hydrogen is only 1074 kj. This shows 
that acetylene can decompose into its elements with evolution of heat (231 kj 
per mole). This unstable thermodynamic state of the molecule explains the 
reactivity of acetylene and its tendency to explode when compressed. 


(2) Electrophilic Addition Reactions. Carbon-carbon triple 
bond is a combination or one sigma bond and two pi bonds. Acetylene 
undergoes electrophilic addition due to the availability of the loosely 



Fig. 15*3— Molecular model for acetylene. 
held it electrons. Strangely enough it is found to be less reactive 
than ethylene towards electrophilic reagents. However, it is motp 
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reactive than ethylene towards reagents that are themselves electron 
rich* 


One explanation offered for this strange behaviour is on the 
assumption that bridged carbocation is obtained as in the case of 
alkenes. But the one obtained from acetylene is more strained* 


Br '■ / B \ •' \ / m r - / BK \ / 

--yC— V >=^/— / x 


Bn 


More strained 


Dotted lines represent bonds actually present in alkenes and alkanes. 


The above assumption may be justified in the lijyht of the fact 
that products obtained in various addition reactions of acetylene 
following polar mechanism are stereosclectively travs. 

It can add up four monovalent atoms or groups in two stages 
as illustrated by the following reactions. In the fii st step digonal 
arrangement changes into the trigonal one which changes further 
in the second step into the tetrahedral arrangement. 

(t) Addition of Hydrogen. Acetylene adds on hydrogen in 
the presence of a catalyst and the reaction proceeds in two stages : 

CH H, CH. H b CH, 

&I cat CH, cat. CH 3 

Acetylene Ethylene Ethane 

The intermediate product ethylene can be obtained in very 
good yield if hydrogenation is earned out with a measured amount 
of hydrogen in the presence of palladium deposited in barium 
sulphate partially poisoned with quinoline or Lindlar’s Catalyst 
(Pd-CaCO, catalyst poisoned with lead acetate;. 

(it) Addition of Halogens. Gaseous chlorine or bromine 
adds in the dark to give di- and tetrahalides. The addition is cata¬ 
lysed by light. Acetylenes dihalides when obtained are nntu isomers. 


CH Cl, CHCI Cl, CHCI, 

£h CHCI CHCI, 

Acetylene Acetylene dichloride Acetylene tetrachloride 

Dilute bromine water gives dibromide whereas tetrabromide is 
obtained with liquid bromine in the absence of solvent. 

CHBr, Liquid 


CH 

dnSr, Bromine CH 
Acetylene Acetylene 

tetrabromide 


Bromine 

-► 

water 


CHBr 

D 

CHBr 

Acetylene 

dibromide 


Acetylene diiodide is obtained with iodine when the reaction 
ia carried out in alcoholic solution* 
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Tetrahalides when heated with zinc dust regenerate aUcynca. 
Bromination is, therefore, used for protecting a triple bond in certain, 
reactions. 

(Hi) Addition of Halogbn Acids. With halogen acids, addi¬ 
tion takes place according to Markownikoff’e rule— Negative pari 
of the addendum (molecule to be added) attaches to the least hydrogen¬ 
ated carbon atom. The order of reactivity is HI>HBr>-HCl. The 
addition can take place in dark but is catalysed by light. 


CH H—I CH, H—I CH, 

<?H * CHI * d:Hi, 

Acetylene Vinyl iodide Ethylidene iodide 


When acetylene is passed into dilute hydrochloric acid at 340K 
in the presence of mercuric ions (catalyst), only one molecule is 
added and we get vinyl chloride. 


Ih + 


HQ 


HgH- CHCl 

-+ 1 

CH, 

Vinyl chloride 


Peroxides have the same effect on the addition of HBr to 
acetylene as on olefins (page 1 ’164). 

The mechanism of the addition of halogens and halogen acids 
is probably the same as that for olefins* For example, addition oft 
HBr to acetylene may be represented as follows : 


r\ 


CHsCH —► 


+ ■” H—]Jr 

CH-CH-► 


CH-CH, 


Br 


_ 8 + «- 

fk +_ H—Br + Br 

Bf—CH—CH, —* Br—CH—CH,-► Br—CH—CH, —► Br.CH—CH, 

Ethylidene bromide* 

(»r) Addition or Water. When the gas is passed through 42% 
sulphuric add at 330K in presence of 1 % mercuric sulphate (catalyst) 
one molecule of water is added up. The mechanism of addi tion 
is probably via the formation of vinyl alcohol as an intermediate 
product, which then isomerises to give acetaldehyde. 

CH H H.SO.+ CH, CH, 

in + f -►- II e* I 

CH OH HgSO, CHOH tHO 

Acetylene Water Vinyl alcohol Acetaldehyde 

(hypothetical) 

(Kcto-enoi tautomeriim) 

A possible explanation of the function of the catalyst is that 
Hg* + ion being large sized forms readily a bridged ion (or a Tt-com- 
plex) which then reacts as shown on the next page: 

TOC-II—12 82—5 
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HCmCH + lij **-— HCs-CHOHj 

%* k 

^ HC rnm cm [CHt—CHOHj-CHiCHO 

1* 


Homologues of acetylene form ketones, e.p., propyne gives 
acetone. 

CHr-C HOH CH,-C~OH Isoroerises CH.-C-0 * 

HI —► I I 

CH CH, CH V 

Propyne {hypothetical) Acetone 

*{v) Addition or Conc. Sulphuric Acid. Two molecules of 
sulphuric and are added and ethylidene hydrogen sulphate is 
obtained. 


CH 

411 

CH 


Acetylene 


HOSOjH 


CH, HOSO,H 

II -> 

CH.OSO.H 
Vinyl hydrogen 
sulphate 


CH, 

I 

CH(OSO,H), 
Elbylidcne 
hydrogen sulphate 


{vi) Addition or Hypochlorous Acid. Acetylene when 
passed into hypochlorous acid solution gives dichloroacetaldehyde. 


CH 

HI 

CH 


HOC1 


CHC1 H0C1 
CHOH * 


CHCI, —H.O CHCl t 

c h ( / ~ h dwo 

\|OH 


(vis) Addition or HGN. Acetylene adds a molecule of hydro¬ 
gen cyanide in presence of barium cyanide to yield vinyl cyanide. 

CH BafCN), CH. 

lit + HCN -► I _ 

CH CHCN 

Vinyl cyanide 


{viii) Addition or Acme Acid. When acetylene is paved 
Into itfarm acetic acid in presence of mercuric ions (catalyst), vinyl 
-acetate and ethylidene acetate are obtained. 


CH CH,COOH CH, CH.COOH CH 9 

CH Hj'+ '**’ CH.OOCCH, ~ * in(OOCCHJ, 

Vinyl acetate Ethylidene acetate 

Vinyl acetate is used in the plastic industry. Ethylidene 
acetate decomposes when heated rapidly to give acetic anhydride 
and acetaldehyde. 
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CH, 

HfOOCCH,), 




600-700K CH, 

bio + 

Acrtaktehyde 


CH,CO v 

l^H,Co/ 

Acetic anhydride 


(**) Addition op Arsenic Trichloride. Acetylene adds 
molecule of arsenic trichloride to form Laritiie (a poisonous pa). 
CH CHCJ 

+ Cl—AsCl* —« 


CH—AsCL 

g-chlorovinyi dichloroarsenic 


(Lewisite) 


(3) Nucleophilic Addition Reactions. Addition of Alcohols. 
On passing acetylene into methanol at 430-47GK in presence of 
potassium methoxide, and under high pressure to prevent boiling, 
methyl vinyl ether is obtained. In general alkynes can give 
addition products (unsaturated ethers) with alcohols. 

CH,OK 

CH—CH + CH 3 OH-► CH a O.CH=CHi 

Methyl vinyl ether 


The first step in mechanism is believed to be the nucleophilic 
attack by CH a O“ 

JT\ 

CH=CH+~OCH 8 -* “CH=CHOCH a 

CH.OH 

-„ CH|=CHOCHa +CH s O“ 

Meihyl Vinyl ether 

a 

This is formation of a vinyl compound by addition of a com¬ 
pound containing active hydrogen atom to acetylene and is termed 

vinylation. 

(4) Formation of Acetylidea. The hydrogen atoms in 
acetylene are acidic in nature. Due to the acidic nature of its 
hydrogen atoms, acetylene forms metallic derivatives by replacement 
of one or both hydrogen atoms. For example, 

(») Both monosodium and disodium acetylides are formed 
when acetylene is passed over heated sodium. 

CH Ha CH Ha CNa 

■ —► a —► ■ 

CH CNa CNa 

Acetylene Monosodium Disodium 

•cetylide acetylide 


By using large excess of acetylene the main product is mono- 
sodium acetylide* The same product is obtained by passing acety¬ 
lene into a solution of sodium in liquid ammonia until the blue 
colour disappears. 

Let us consider how strong an acid is acetylene by comparing it with 
ammonia and water. 


HOmCH + &NH, 
add S tronge r ba»e 


H-NH, 
Weaker add 


+ HCM3& 

W«abw hau 


4D 
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H—OH + HQ»C N« + HObCH + NaOH ,.,(2> 

Stiongcr arid Stronger base Weaker acid Weaker base 

From (1) HCmCH is stronger add than NH t and from (2) H,0 Ka 
itronger acid than HC= CH. Thus we see the order of acidity is : 

Acidity H,0 > HCwaCH > NH B 

How can we account for the fact that acetylene is a stronger acid than 
ethane T 

Here one compound X is shown to be a stronger acid than another Y by 
Its ability to displace Y from its salt . 

If acetylene is a stronger acid than ethane then acetylide ion (HCaeC~> 
must be a weaker base than ethide ion, CfHr. Basicity of this ion is deter¬ 
mined by the availability of their unshared pair of electrons for sharing with a 
proton. 


This unshared pair in acetylide ion is in sp orbital while that in ethide 1 
ion is in sp* orbital (having more p character than the sp orbital). 

An electron in a p-orbital is at some distance from the nucleus and ia 
held relatively loosely. On the other hand, an electron in an j-orbital is close 
to the nudeus and is held more tightly. 

Acetylide ion is a weaker base since its unshared pair of electron is dose 
to the nudeus and held more tightly in an sp-orbital. 

(is) With ammoniacal solutions of silver nitrate and cuprous 
chloride acetylene gives precipitates of silver acetylide (tekife) and 
cuprous acetylide {red) respectively. 

CH CAg 

■ + 2Ag(NH,> i + —► ■ + 2NH 4 + + 2NH, 

CH CAg 

Silver acetylide ( white ppt ) 

CH C.Qi 

■ + 2Cu(NH I ).+ i + 2NH 4 > + 2NH t 

CH C.Cu 

Cuprous acetylide ( red ppt) 

These acetylides explode in dry state and are decomposed by 
mineral acids with the liberation of acetylene. This affords us a 

convenient method for identification of acetylene and its separation 
from other gases. 

Mono-alkyl derivatives of acetylene (e.f., R— CrneCH) give 
metallic derivatives (alkynides) of the formulae given below but 
dialkyl derivatives of acetylene (c.p., R—CmC—R) do not form 
such derivatives. 

R—CmCNa R—CaaCAg R—OmC.Cu 

Sod. alkynkk Silver alkynide Cuprous alkynide 

Aridity of l~AKkyiies. The acidic nature of hydTOaen in acetylene is 
characteristic of hydrogen atom hi the group asCH and is because the C— H 
bond has considerable ionic character due to resonance as shown below : 

H—OaC—H'*—►H— CmtC\t+- +&CmCH+~+tlCmC& 

Another explanation is on the basis of electronegativity. Since a-elect* 
eons are more weakly bound than o-electrons, the electron density round a 
carbon atom with a-bonds is less than that when only e-bonds are present. In 
acetylene the carbon atom with two n*bonds carries a small positive charge and 
the hydro~rn atom attached to it is released as a proton. 
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The acidity of J-alkyne$ can a ho be explained jp terms of the nature 
of the atomic orbital of the G— H bond. The j-characier of the hybrid atomic 
orbital increases as we pass from sp 9 oibilal (25% s character) to sp* orbital 
(33 3% s character) to sp orbital (50% s character). 

The s character of the C—H bond is, therefore, greater in 1-alkyne 
formed by jp-j overlap than that in alkenes or alkanes 


Since s electrons are closer to the nucleus than are p electrons, the 
electrons of the C—H o bond in 1-alkynes are closer to the nucleus and more 
strongly held. This facilitates the release of hydrogen atom as proton, H+ 

(5) Substitution with Halogens. On passing acetylene 
into sodium hypochlorite solution at 273K in the absence of'air and 
light, its hydrogen atoms get suostituted by chlorine atoms. 

r\ ru -Ot r\ 

H—C=C—H O-Cl f-t H~C=C Cl—O—H 

oci- 

-►OH+H—C=C—Cl - Cl—C=C—Cl 


Similarly diiodoacetylene is formed when acetylene is passed 
into a solution of iodine in liquid ammonia. 

H— C~C —H + 2 I a 4 2NI1 3 -► I — C=C— I+2NH4I 

(6) Polymerisation. When passed though a dull red hot 
tube, molecules of acetylene combine to give a bigger molecule, 
benzene, C B H 6 . 


CH 

3 ® — 

* CH 

Acetylene 


CH 

HC Wll CH 

CH 

Benzene 


In addition to the cyclic polymerisation given above, acetylene 
undergoes linear polymerisation when passed into a solution of 
cuprous chloride in ammonium chloride to form vinylacetylene and 
divinylacctylcnc. 


CH«CH+CH-CH —► CH.-CH —CmCH 
Acetylene (iwo molecules) Vinylacetylene 

CH«CH 

-► CoC—CH»CH| 

3rd molecule Dmnylarctylene 


With hydrogen chloride vinylacetylene gives chhroprene 
(2-chlorobuta-l : 3-diene) which readily polymerises to give neoprene » 
a rubber-like substance. 


CH,~CH-CmCH+HCl —► CH^CH—CCI-CH, 
Vinylacetylene Chloroprene 

(7) With Nitrogen* When electric sparks are passed through a 
mixture of acetylene and nitrogen, hydrocyanic acid is formed. 

Electric 

C.H, + N. + 2H—CoaN 

Acetylene sparks Hydrocyanic acid 

(8) With Formaldehyde. Acetylene reacts tyiih formal¬ 
dehyde in presence of sodium alkoxide (catalyst) to give butynediol 
with small amount of propargyl alcohol* 
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HCsC—H OCH, s* HCsG + CH,OH 

r\ jr\_ _ ch,oh 

O-CH, CsCH -*■ O—CH,-CsCH-► 

(0 CH.O- 

HO — GH| —C=CH-- HOCH t C=CCH|OH 

(//) CH.O 

Prop mr gyl alcohol Butjmedlol 


This addition of acetylene to unsaturated links like >0*0 
is called ethinylatioit. 

(9) With Owes. Acetylene gives an oaonide with oaone. The. 
ozanide is decomposed by water to give glyoxal as well as formic add 

dH-^CH H.O CH—CH 

chmch +o.—^ ^ o o + H> °* —* HCOOH 

Cfeonide Glyonl 

Homologues of acetylene form diketones which are further 
oxidised to aim 




O, R.C-CR' H.O R.C—C.R' 

RXhaCJl' —*• I I —a II +H.O, 

Atfcync O-6 O O 

Ozonide Diketone 

—► RCOOH + R'COOR 

(10) Oxidation. Chromic acid oxidises acetylene to acetic 
add, alkaline potassium permanganate oxidises it to oxalic add. 


H^QrO. 

CHnCH+H a O+0 -*> 

CH alkJCMnO, 

f» +4 °-* 


CH.COOH 
Acetic acid 
COOH 

ioOH 

Oxalic acid. 


Homologues of acetylene on oxidation with strong alkaline 
potassium permanganate yield mixture of acids. 

alk. fCMnOg 

R—OoC—R'-f HgO+30 -RCOOH + R COOH 

The chain is ruptured at the position of triple bond. The 
nature of oxidation products can help us in locating the position of 
triple bond as in the case of olefins. 

8. Uee of Acetylene.— Acetylene is used : (i) In oxy-acety* 
lene blowpipe for cutting and welding purposes. 

(tt) As an iliuminant. 

(its) For the artificial ripening of fruits. 

(s*) In the manufacture or solvents its halogen derivatives! tg. 
CHC 4 —CHQ*, commercially known as Westron and CCL*»CHCL 
called WestrosoL 

(») For the manufacture of Acetaldehyde, acetic add, alcohol, 
etc. 
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(«j) In the manufacture of plastics, synthetic rubber and 
thetic fibre (crib*). 

9. Testa of Acetylene.—(i) It burni with a smoky flame. 

(it) It decolorises bromine water and alkaline permanganate 
solution (Aseyar’s reagcnl). 

(iit) With ammoniacal silver nitrate, it gives a white precipitate 
of silver acetylide. 

(iv) With ammoniacal solution of cuprous chloride, it gives a 
red precipitate of curprous acetylide. 

10. S tr u c t ur e of Acetylene.—In acetylene hybriduathns 
of one 2m and one 2p orbital (#p hybridisation) is postulatedin each 
carbon atom. Remaining two 2p orbitals of each carbon atom 
are left in their natural state. 

Carbon atoms are joined to cadi other by an overlap of two #p 
hybrid orbitals (a sigma bond). The two C—H bonds result from 
sp-s overlap (these are also sigma bonds). The molecule is l i ne a r 
and the bond angles are 453K. The C—C distance is 1*20A as cams 
pared with 1*34A in ethylene and 1'54A in ethane. The G—H 
distance in acetylene is 1*06A, even shorter than in ethylene- 
T086A). This is because o.’ their greater * character —op orbital* 
are smaller than sp* orbitals and sp-hybridised carbon forms shorter 
bonds than sp’-hybridised carbon. 



Fig. 15*4—Shape and size of acetylene molecule. 

The remaining two p-orbital* of each carbon atom are pctyea» 
dicular to one another. Sideway overlap of each p-orbital with m 
similar orbital of other carbon atoms forms two K-bonds (Fig. 15’SL 



Fig. 15 '$— Two pi bond* Fig. 15 6— Two pi bonds form a 

in acetylene molecule, charge cloud having cylindrical 

symmetry. 

This representation, however, appears to be inadeqauie. Accord* 
ing to Goulson (1952), the two ir-bonds form a charge cloud having 
cylindrical symmetry about the C—C axis (Fig, 15*6). 

HOMOLOGUES OF ACETYLENE 

11. Preparation. —Homologues of acetylene can be prepared 
by the following methods ; 

(4) fly the actio* of alcoholic patath on i, 2-dikaUd*e. 



organic tmmm 


+ 2K0H — CH *S + Sir + l'** 

CH.Br (akohotic) CH 

Propylene bromide Propyne 

This affords a convenient method for introducing a tripto 
bond into an organic compound. For example, 1-butanol ia convert* 
«d into 1-butyne as follows : 

Cjttg.CHg AlgO, C.H.CH Br. C,H,CHBr KOH_ 

1 —*—► D ——► [ ——♦ C, H,OnCH 

CH t OH S70K CH, CH,Br sic; UButya* 

l-Butsnoi J ^Butene t, 2-dibwmobutsne 

(id) 2Jy treading mono-sodium acetylide with alkyl halide. 

Na in - RX 

CHSCH-* CHwC.Na -* CHmCJR 

Lqd. NH, Mono-sodium —NaX Alkyiacetylene 

acetylide 

These steps may be repeated to get a higher homologue (Ascent 
ef§ arias). 

Na in R r X 

RC-rCH- » R.CaOU-► R.CmC.R' 

Lqd. NH, Sod. alkynide —NaX Dialkylacetylene 

(its) By the action of Ortgnard reagent on acetylene followed by 
reaction with an alkyl halide (Ascent of senes)* 

^ /R — RH RBr ,X 

CH*CH+Mr^ -- CHnC.MgX-► CHmC.R + Mg^ 

X Higher homologue x Br 

12. Properties.—The properties of the homologues of acety¬ 

lene are very similar to those of acetylene especially when these are 
of the type R.ChGH. The common properties are in fact proper¬ 
ties of the mCH group. 

An interesting property of the homologues which has not been 
discussed under acetylene is their ability to isomeriee as explained 
below: 

(i) On heating with alcoholic potash the isomerisation occurs due 
to shifting of the triple bond towards the centre. For example. 

+ale. KOH 

CH,.CH,CmCH-» CH, CmC.CH, 

1-Butyne heat 2-Butyne 

(it) On heating with sodamide in an inert solvent the triple bond 
moves towards the end. For example, 


CH.GmC.CH, 

2-Butyne 


NaNH, 
—NH, 


CH, CH,OoCNa 
Sod. alkynide 


CH,.CH,.Co«CH 

1-Butyne 


S3. Diacetylenes.—Compounds having a pair of triple bonds are called 
dfcoetyienes (c/. diolefins). Two important members of the class are : 


HCsC-CwCH; 
Diacetylene 


CH*C,CH,.CH t .CvCH 

Dipropargyl 


Dipropargyl is prepared by bromination of l^vhexa diene followed by 
sreatment with alcoholic potash. 

It is isomenc with benzene. It is a liquid (b.p. 35SK) lighter than water 
flp. gr. Wl). Chemically H behaves like acetylene. 
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iTte AK|«Mmdhe^ wHed pr o f rg l or prapHyi. 

14. Ascent and Descent of fierlee and Typical Can* 
versions.— 

(a) Conversion of Paraffin into Olefin or Acetylene, A double 
bond is introduced by dehydration of alcohol or treating an alky! 
halide (except ethyl halide) with alcoholic potash. A double bond 
may be replaced by a triple bond by adding bromine and treating 
the dibromide obtained with alcoholic potash. For example. 


CH,—CH. 

Ethans 


—► CH,—CH.Cl 
hr Ethyl chloride 


KOH 


sq. 


CH«—CH.OH ——CH,—CH, 
Ethanol 420-430K Ethykhs 


c^c 


CH. 


Cl, KOH, ale. 

—► CHg.CHCLCH,- + 

hv Isopropyl chloride 


CH..CH-CH, 

Propylm 


Br. KOH ale. 

CH fl -CH a —♦ CH.Br-CH.Br-► CHmCH 

Ethylene Ethylene bromide Acetylene 


(6) Accent and Descent of senes in Olefins . For example, 
ethylene is converted into propylene and vice versa as follows : 


HI CH.I+Na Cl, 

CH.-CH, —► CHgCH.I -+ CH..CH.CH, —► 

Ethylene Ethyl iodide in dry eliter Propane 

KOH ale. Ozonolysis 

CH..CHCLCH, -» CH..CH-CH, - 

Isopropyl chloride Propylene 

H H,SO« 

CH.CHO CH.CH.OH -* CH,—CH. 

Acetaldehyde Ethanol 42O430K Ethylene 

(e) .decent and Descent of series in Alkynes. For example, con* 
version of ethync into propyne and vice versa . 

Nm in CH,I 

CitaCH-► CHneCNa -» CHaeC.CH, 

Ethync Lqd,NH a Sod. acetylide Propyne 

H, By steps given 

—► CH.CH.CH.-► CH.-CH. 

Propane m (b) above Ethylene 
Br./CO, KOH 

-- CH.Br-CH.Br -► CHroCH 

Ethylene bromide ale. Acetylene 
QUESTIONS 


A. Essay Type : 

1. What organic substance is produced when water acts on calcium 
carbide ? Write an account of its purification and collection. How does it 
react with (a) HI, (A) H.SO,. (c) O,, and (d) amitioniacal CuCl 7 

{Delhi B.Sc. Hons . Sub. 1977 Supp.) 

2. What are the general methods of preparation of acetylene compounds 
and what are their usual properties 7 What explanation would you offer fos 
their great instability 7 Describe the synthetic and industrial use or acetylene. 


3. (a) How is acetylene prepared ? Describe jts chief properties and uses. 
(6) Explain why the hydrogen atoms in acetylene are replaceable by 
metals. (Delhi B.Sc . Hons. Part / 1971) 

4* (*) Discuss die important methods for the preparation of acetylene. 

. (b) Starting from acetylene how will you obtain each of the 

following compounds 7 
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(0 Acetaldehyde (il) Etbyne (00 Vinyl chloride. (0mmla BSc. 1979) 

5. Compare the properties of ethylene and acetylene. Write a note am 
the industrial {importance of acetylene. 

C. Complete the following reactions (write all equations in Rill): 

(a) 2-Pentyne and KMnO*. (6) 2-Butyne+Oaono followed by hydrolysta. 
(c) Bthylidene acetate when heated. (</) VinyUoetylene+hydrochloric acid. 

7. How will you effect the following conversions ? 


(c) Propane into propyne and Wee versa, (b) Acetylene into propane 
and Woe versa (c) 1-Butanol into 1-Butyne. (d) 1-Butyne mto 2-Butyne and 
rise versa, (e) Acetylene into Lewisite. (/) Acetylene into chknoprene. (|) 
1.5-Heaadlene into dipropargyL 

8 . Discuss the structure of acetylene on the basis of orbital theory. 
Explain with examples why acetylene shows acidic, electrophilic addition and 
nucleophilic addition reactions. (GJV.D. B.Sc. 1975) 

B. Bhe rt-A—war Type : 

1. Why are hydrogen atoms in acetylene move acidic than those in 

ethylene 7 (Delhi B.Sc. Hams. 1977 ) 

2. Explain why acetylene is acidic in nature. (Delhi B.Se. 1977) 

inguished 7 Give one reaction. 
GH.CsC.CH, 

(Delhi B.Sc. Hans. Sab. 1977) 

4. What happens when acetylene is passed through warm acetic add 

In the presence of mercuric ions ? (Delhi B.Se. Hons. 1977) 

5. Write and draw an orbital structure of acetylene, 

(Guru Ntmak Dev BSc. 1977) 

4. Give two properties each of electrophilic and nucleophilic additions 
on acetylene along with their mechanisms. (Guru Natak Dev B Sc. 1977) 

7. Account for the fact—Acetylene forms a sodium derivative but 

ethylene does not. (Madras B.Se. 1976 September) 

8 . Give the shapes and bond angles of (/) ethylene and (tf) acetylene. 
Mention the state of hybridisation of carbon in these compounds. 

(OsmmUsB. Sc. 1975) 

9. How are alkynes distinguished from alkenes. (Marathwada B.Sc. 1976) 

10. Write a short note on MarkownikofT's rule. 

(Marathwada B.Sc. 1976 ; Madras 1976) 

11. Write the structural formulae for : 

(a) 2-4-Methylpentyne ; (6) Diethylaeetykne ; 

(c) Dimethylacetylene ; ( d ) 3, 4, 4-Trimethyl-l-pentyoe. 

Give IUPA C names of (b) and (e). 

Which of these compounds give a positive test with Ag(NH*),+OH 1 

12. Give the name and structure of each of the following alkynes : 

(1) KMn0 4 


3. How ir the following pair dis 
CH|.CH|.CsCH and 


OH~, 300K 

<«) CH.CHCOOH + CH^COOH 


(« C.H„ 


(2) H,0+ 

(I) KJVfnO. 
OH*, 300k 


CH, 

HOOCMCHJ.-COOH (only) 


(2) H.O+ 

2Hs 

W CrH,, —CH a CH,CH,CH,CH^H,CH 1 

l A « ! ®^ + * 

. * C|Hi|A|i 
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U, Give the (tracture of the product! obtained when 1-pentyne react* 

with: 

(a) one mole orBr, (A) one mole or HO 

(c) two mole* of HQ (<0 one mole of HBr and a peroxide 

«) H.O, H+, Hj*+, ( f) H„ Pd-CmCO„ quinoline 

it) NaNHi in liq. NH, and then with C.H.I, 

(A) Ag(NH,), OH. (0 Hot KMnO*. 

14. Starting with 3-methyH-butene, how can the following compound* 
be rynthesiied: 


a 

I 

( 0 ) CH.CH CHCH); 

Ah. 

CH, 

(c) CH.CH CH,CH a Br; 
CH. 

(e) CH.CHCClBr CH.; 


CH, 

(A) CH.CHC-CH,; 

tl 

CH, 

(rf) CH.CHCCUCH.a; 

?• 

CO CH.CHCOOH 


15. Explain why CH-CsCH has only one addle hydrogen. 

{AUfarh B.Sc. 1979 Sup?.y 


C. Pro Meats : 


1. An organic compound A with molecular formula C t H t forms a aodto- 
derivative which reacts with C.H y I (B) to aive a compound G»H M (O which 
gives n-octane on further reduction. Identity the compounds A, B and C. Write 
chemical equations for the various reactions involved. 

2. Analkyne A with molecular formula CA reacts neither with soda* 
□tide nor with ammoniacal cuprous chloride. Assign a structural formula to A. 

3. An organic compound A with molecular formula QH* when treated 
with sodium in liquid ammonia followed by treatment with it-propyl Iodide yields 
C,H U (B). When treated with dilute sulphuric acid containing mercuric 
sulphate. A gives the ketone QHuO (C). On oxidation with alkaline potassium 
permanganate B gives two isomeric acids C 4 H t O a (D and E). Identify the com* 
pounds A to E. 

4. With alcoholic potash CiH.Cl, (A) gives CjH. (B) which reacts with 
ammoniacal cuprous chloride. Identify the compounds A and B. 


5. Three compounds A, B and C are isomers of the formula C^Ht* All 
of them decolorise bromine in OClg and give a positive test with Baeyer's reagent. 
All the three dissolve in cone. H t 50 4 . Compound A gives a while ppt with 
ammoniacal silver nitrate whereas B and C do not react with it. On hydrogena¬ 
tion in presence of platinum catalyst, A and B both yield n-pentane whereas C 

S ives a product of formula C*H 1# . On oxidation with hot acidified KMnO* 
I gave acetic add and CH a CH,COOH. Identify A, B and C. 

ANSWERS 


B. 11. (a) CHj—CH—CwsC—CHi 

gjagsifes* 

ICPACmhm: 

(A) 3-He*yiie ; 


CH. 

id) CIV-A- CH-CmCH 

Ah, Ah, 


(c) 2'Butync. 
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1 . 1 A I* CH,.CH,.CH,CmCH (1-Pentyne). 

B is CH,.CH 1 .CH t I (n-propyl iodide). 

C if CH*CH,.CH,C«C.CH 1 CH,.CH, (4-Octyne). 

2. CH^—C.CH..CH, (2-Pcnlyne) 

3. A is (CHJ.CH.CmCH (3 -Methyl-1 -bu(ync) 

B is (CH,),CH.CmCCH 1 .CH,.CH, (2-MethyI-3-heptyne) 

C is (CHahCftCO.CHa (3-MethyibutaDOnc). 

D is (CHa)|CH.COOH (isobutyric acid). 

E is CHg.CHf.CHt.COOH (butyric acid). 

4. A ii C f H f .CH,.CHa fl . or QH^.CHC!lCH a Ci 

1, 1-dichlorobuUne J, Z-dtchlorobutane 

B is C,H § -~CmCH (Ubutyne ). 

5. A is CH a CH t CH a C s CH (1-pentync) 

B is CH.CHtC = CCH, (2-pcntyne) 

C is cyclopantcnc. 




Petroleum 




L What ii Petroleum ?—With the advance of civilisation 
the means of communication have been revolutionised, A journey 
which took months in the past is now completed in a few days in 
buses and cars. The same journey does not take more than a few 
hours if you travel by an aeroplane. All these vehicles run on petrol. 
Petrol is a refined product obtained from a naturally occurring crude 
oil called petroleum. 

2. Occurrence of Petroleum. —As usually obtained, petro¬ 
leum or crude oil is a viscous, dark coloured (varying from amber 
to bj a ck), fluorescent oil and often has a definite offensive odour. It 
is ge g erally trapped deep below layers of earth and often floats on 
salt water. The oil is covered by an atmosphere of the more volatile 
hydrocarbons, the natural gas —which consists chiefly of the first six 


paraffins. 

The biggest oil-producing country of the world is the United 


States of America. Others 
in the order of the total 
production are : Russia, 
Venezuela, Iran, Mexico, 
Rumania, Iraq, Burma, 
India and Pakistan. 

Petroleum Resources of 
ladla. Our oil-fields are Iocs tod 
in Assam and Gujarat 

In Giflarst the oil-fields 
are located at Cambay and 
Ankleshwar. Another oil-field 
of substantial size has been 
discovered near Kalol, 25 kilo¬ 
metres north pf Ahmedabad 
and 125 km from Cambay, and 
is likely to be the richest oil¬ 
field in India. 


i 




Fig. 16*1— Occurrence of Petroleum or Crude oik 


In 1978 ONGC discovered gas at Sisodra, Gajera, West Matwan and Walncsr 
in Gujarat and oil toghther with gas at ViraJ and West Sobhaaan in Gujarat. 
In 1978-79 sub-sea pipeline from Bombay High to Uran and transfer line from 
than to Trombay was completed. Oil and gas started flowing through these 
in July 1978. Rate of production is about 44 lakh tonnes per annum. 

By the end of June, 1979 total number of welts drilled in the onshore 
am was 1548 and of these 842 were found to be oil bearing and 103 gas bearing 
Number of wells drilled in the offshore area was 104 and out of these 59 wet 1 * 
oil bearing and 11 gas bearing. 

Various refineries working in the country with their refining capacity 
and actual production axe given on the next page N 
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Ntmeof 

Yoar in wkiek 
production 
started 

Capacity 
(In lakh 
loams) 
1.4.79 

Actual emit rm 

(lakh mw) 


1977-78 

197B-79 

Barauni (IOC) 

1964 

330 

306 

26 61 

BPCL, Bombay 

1955 

52*5 

4212 

46-93 

BR ft PL 

1979 

10*0 

— 

0-J7 

Cochin 

1966 

330 

29-33 

28*62 

Digboi 

1901 

50 

3-34 

5*24 

Gauhati (IOC) 

1962 

8*5 

817 

B*25 

Haldia 

1975 

230 

2096 

22*13 

HPCL, Bombay 

1954 

35*0 

28 97 

28*00 

HPCL, Vishakha- 
patnam 

1957 

| 150 

13 04 

13 39 

Koyali (IOC) 

1965 

73*0 

41*29 

52-56 

Madras 

1969 

280 

i 

26-16 

27-59 


Excepting the 5-lakh tonne Digboi refinery and the Assam Oil Company, 
the rest arc in the public sector. 


The 1 million tonne Bongaigaon refinery and the adjacent petro¬ 
chemicals complex in Assam has recently been completed and cmde distillation 
unit went on stream In February, 1979. The 6 million tonne Mathura refinery 
has since gone on stream. 

3, GmpositJmi of Pstroleam. —The composition of crude 
oil varies with places of occurrence but all contain alkanes (from C, 
to C M ), cycloalkanes or naphthenes and aromatic hydrocarbons. 
The low-boiling fractions of petroleum, irrespective of its locality of 
occurrence, are composed of alkanes. The composition of higher 
boiling fractions, however, differs according to the source. Besides 
hydrocarbons, there are also present certain organic compounds con ■ 
taining oxygen, nitrogen ana sulphur. 


If the residue obtained after removal of volatile compounds 
of crude oil is rich in paraffins or wax, the petroleum la termed 
On the other hand, if the residue is rich in 
Raa), it is classified as asphaltic. Crude oil from Penn* 
Iran, Iraq and Rumania has been found to be paraffin^ and 
at obtained from Baku and Venezuela asphaltic. Crude oil from 
Texas and Mexico has been found to be both paraffinic and atphakic. 

4. Origin of Petroleum fas Nature. —The origin of petro* 
leum and natural gas is still uncertain. Many theories have been 
suggested to explain the formation of petroleum in nature. For 
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carbides (imorgamc origin). It was later on supported by Moissan, 
Sabatier and Sendcrena Lower unsaturated hydrocarbons first 
produced (*.£., acetylene by the action of water on Calcium carbide) 
undergo hydrogenation and polymerisation to give alkanes, cyclo¬ 
alkanes ana aromatic hydrocarbons* 

H. H, 

CH—CH —» CH,-CH, —► CH,—CH, 

Acetylene Ethylene Ethane 

3CHmCH -► C, H, 

Acetylene Polymerisation Benzene 

3 mols 2 tools 

(CH*), *■-CH,—CH,-► CH,.CH—CH.CH, 

Cyclohexane Polymerise Ethylene Polymerise 2-Butene 

I H, 

CH,. CH.CH, .CH , 

Butane 

and so on. 

Moissan actually got a petroleum-like liquid by the actipn of 
water on uranium carbide. The theory, however, fails to explain 
the following facts about petroleum : 

(») It is optically active, (it) It is found to contain certain 
sulphur and nitrogen compounds. 

(6) Engler’s Theory. Engler proposed in 1900 that petro¬ 
leum is produced by the decomposition of marine animals under 
high pressure and temperature (Animal origin ). By heating fish-oil 
and certain animal fats under pressure, he actually produced a liquid 
resembling petroleum. Various points in favour of the theory are : 

(0 Petroleum is optically active and contains sulphur and 
nitrogen compounds. This suggests organic origin of petroleum. 

(ii) Its association with brine suggests its origin in sea. 


(Hi) Fossils have been discovered in the petroleum areas. These 
ere the remains of the marine animals which died long, long ago. 

(c) Modern Theory. Engler’s theory fidls to explain the 
presence of certain chlorophyll derivatives in many oils. This points 
to the vegetable origin of petroleum. High resin content of certain 
oils (e*g.i Burma oil) is also accounted for by the vegetable origin of 
petroleum. 

Petroleum is now believed to be a material resulting from the 
partial decomposition of marine animals and vegetable organisms in 
pre-historic forests. Changes in earth’s crust have buried this 
material underground where it has been subjected to inteim pres sur e 
during the ages. The conversion of organic matter into petroleum 
has been going on— 

(а) sitter under tte influence of radioactive mbetanoee euek ae 
uranium, 

(б) or by bacterial de c o m po s i ti on under pneeure. 

This seems to be the most plausible explanation and facts in 
support of it are: 



$m okomv<mmmt 

$} «rith brine {<mgmaliys^^ 

aid presence of coal deposits (originating fiom pre-historic 
Wily present in their neighbourhood indicate towards ittudmAl 
and vegetable origin* 

(«) Distillation of animal fku and fish-oil under pressure yields 
a liquid closely resembling petroleum. 

(w) Optical activity of petroleum and the presence of nitrogen 
and sulphur compounds derived from haemin (pigment of blood) 
and chlorophyll along with the presence of resins in some oils also 
point to its vegetable or animal origin. 

5. Mining of Petroleum. —Petroleum occurs at different 
depths varying from a few hundred metres to about 3 km. It is 
extracted by drilling holes in the earth's crust and sinking pipes until 
the drill penetrates the oil-baring sands. Sometimes the oil rushes out 
through them due to the pressure exerted by the natural gas inside. 

As the pressure of the gas diminishes, the oil is obtained by 
pumping. Pumping is done by ordinary lift pumps. Recently so* 
called air-lift has become more common. Two coaxial pipes are 
lowered into the bore and compressed air is forced down through 
one pipe. As this rises up through the other pipe it carries a froth 
of oil similar to the oil, natural gas mixture which comes out in the 
beginning. From the oil-fields the crude oil is taken to refineries 
through pipelines about 20 cm in diameter laid on the ground or 
buried a few metres underground. 
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theoibfield. This ^because these located at points well- 

connected with the consuming centres, so that the cost of transport 
Of refined products to the market is minimum. These are connected 
with the oil-field# by means of a pipe-line. The crude oil flows 
through the pipeline and thus involves no expenditure. 

6. Refining of Grade Oil. —Ciudc oil is a mixture of dis¬ 
solved gates, liquids, with low, medium and high boiling points and 
of widely varying viscosities and solids and semi-solids. Refining is 
the process of separation of this mixture by fractional distillation 
into more useful and, therefore, more valuable products. 

In most modem refineries, petroleum is refined by continuous 
distillation in pipe stills and saves time, labour and fuel. The 
essentials of a pipe-still installation are ; 

(i) Dark-coloured, fluorescent emulsion of sandv 01 / and 
water—crude petroleum, is warmed under pressure with siram coils 
in iron tanks with conical bases. This bleaks the emulsion into two 
layers. The gas, oil and solids are diawn off separately. The gases 
evolved are mainly used as fuel but a portion 1 s liquefied 

(n) The upper layer of crude oil, thus removed, is used as 
cooling agent in the condensers, where it sets heated to about 420 K. 

(lit) This oil at about 420 K is passed through several hundred 
metres long coil of pipes, heated m a fire box. Here it gets heated 
to about 670K. 

(it>) The heated crude oil then enters a laige insulated vessel 
called the evaporator . No external heat is applied to the evaporator. 
All components, volatilizing up to 670 K, vaporise and escape at the 
top leaving a residue of the fuel oil which is periodically removed 
from the bottom of the evaporator. 

(v) The vapours ftom the evaporator aie passed up a fractiona¬ 
ting column . Here fractional condensation occurs. 

Let us understand how the fractional condensation is taking 
place in the fractionating column. The upgoing hot vapours cool 
and condense on the plates. Condensed liquid rum down from plate 
to plate through overflow pipes. The upgoing hot vapours raise the 
bell cap and bubble thiough the condensed liquid. 

The liquid get* heated a little and lo^es the moie volatile 
constituent by evaporation. At the same time hot vapours are cooled 
and lose less volatile component by condensation. Thus more vola¬ 
tile components keep on rising up in the iorm of vapours and 4 lets 
volatile components keep on travelling downwards as liquid. 

Hence the high-boiling fractions condense in the lower part of 
the column and the low-boiling fractions in the upper part of the 
column. These fractions are refractionated and purified to get 
various products. 

7. Products obtained end their Uses.—In the table given 
on the next page are listed the fractions usually separated with 
their boiling ranges and uses. 

TOC-U-l'U-* 



1. Gas Bdow 

room temp. 

2. Crode Naphtha 290420 
Oh refractiono- 

tion further gives 
(a) Petroleum 290-340 

ether 


(6) Petrol or gaso- 340-360 
hoe / 


(c) Ligrota or tight 360-390 
petroleum 

(d) Benzine 390420 


3 Kemese 


Fuel, raaautoureof gtsotiac (by p ol 
sation) and rubber. 


As solvent in varnish and rubber Industrie* ; 
for dry-cleaning. 

Motor fuel; dry-cleaning; for making petrol 
/ air gas. 

As sohent, in dry-clean mg. 


In varnish ; in dry-deaning. 


420470 | As fuel and illuminant; for making oil gat 


4. Gai oil or Heavy Above 570 As fuel in diesel engines ; cracked to yield 


more gasoline. 


5. Residue from 
Evaporator 

On fractionation 
by vacuum distil¬ 
lation is separa¬ 
ted into 

(0 Paraffin wax 
00 Lubricating oils 
{HO Vaseline 
(h) Pitch 


Above 670 


On cooling For making candles and boot polishes. 

For lubrication 

In toilet goods, ointments and for lubrication 
In paints and varnishes ; tarring roads. 


If) Petroleum coke On redistil- As fuel. 

ling tar __ 

8. Further Refining of Gasoline.— Refining of gasoline is 
necessary to remove its objectionable colour, odour and sulphur 
compounds which lower its response to anti-knock compounds. 


‘Sour’ gasoline (as it is commonly called) is washed with con 
centrated sulphuric acid or sodium hyrdoxide to remove thioalcoholi. 
Washing is followed by sweetening (addition of alkaline sodium 
plumbite), if necessary. Sodium plumbite oxidises thioalcohols to 
disulphides. 


Tfcioalcohol 


NaiPbOf + 5 “*♦' 
Sodium Calculated 
plumbite amount 


+ FbS + 2NaOH 

Disulphide 


9. Bow do Refiners increase the yield of Gasoline ?~~ 

Crude petroleum contains only a small percentage of the low boil 
mg fraction, gasoline. The refiners increase the yield of gasoline 
by a number of methods, such as the following : 

(a) By GmeUnf. Cracking hai been simply defined as 
“ malting of little molecules out of big ones”, This Is done by 
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bei^gf the high boiling fraction »*hen (he bigger molecufea bmk 
up into mailer ones of modi lower boiling point*. Thus dasp 
heavy oh which are much ten in tend are converted into 
petrol. About 50 per cent of our gasoline is now obtained by this 
method. 

There are two main types of cracking : (*) liquid phases and 
(it) vapour phaae. 

(t) liquid phaae cracking. Heavy oil is cracked by heating 
at a suitable temperature (750-800 K) under 7 to 68 atmospheres 
pressure. High pressure is necessary to maintain the cracked material 
in liquid state. The yield of guotine is about 60-65 per cent. 

(ii) Vapour phaae crackteg. Kerosene or any other oil with 
similar boiling range is heated to 8/0 K under 3*5 to 10 atmosphere* 
pressure. Heavy oils cannot be cracked by this method n’<w these 
cannot be completely vaporised under these conditions. 

(6) By Polymerisation. In polymerisation simple hydro¬ 
carbons such as G,H„ etc., are polymerised or bunched to give 
molecules of the proper size of gasoline. The process is thus the 
opposite of cracking and is carried out by heating the hydrocarbons 
with a suitable catalyst like phosphoric acid. 

Large amounts of unsaturated hydrocarbons are formed dur¬ 
ing cracking. These are polymerised into liquid gasoline and used 
as motor fuel. 

10. Synthetic Gasoline.—With the advance of civilization, 
the consumption of gasoline has increased much and the it™«i is 
still on the increase. In spite of the marvellous achievements of 
the oil chemists in the direction of increasing the proportions of 
gasoline obtained from crude oil, it is feared that the world’s sup¬ 
plies of natural petroleum might be exhausted before long. This 
fear has made the modem chemist turn to what may be termed 
"syntArf'C gaatiinee, t.e. f those which do not have their origin in crude 
oil. Among proved methods of manufacture, the two moat p romising 
are: 

(i) Bcrglna Process.* Coal is largely a mixture of solid 
hydrocarbons and may be hydrogenated to produce low boiling 
hydrocarbons. This is Bcrgius process for the manufacture of 
synthetic petroleum. Coal dust is made into a paste with heavy oil 
or coal-tar and then a catalyst composed of organic compound of tin 
is incorporated. The whole is heated to 670-870K under 200-250 
atmosphere pressure in the presence of hydrogen. Hydrogenation or 
coal takes place and a product resembling crude oil is obtained. 

Crude oil is subjected to fractional distillation when the 
following fractions are obtained : 

(i) Gasoline, (ii) Middle oil, and (iii) Heavy oil. 

• Friedrich Berates (1M4-1M0)—Oannan chemist, after hie bbsm we here 
the Bergku process for toe usutetm of synthetic gesoUne. Another of his 
processes wu the hydrolyih of wood to sugar end cattle feed. He was welded 
Nobel Prtn for chemistry in 1931. 
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The oil Is hydrogenated in the vapour phase in pre¬ 

tence pf a solid catalyst when it gives gasoline. Heavy oil is agam 
used for ® paste with coal dust. The yield of gasolme by 

Brrgius paocess may be as high as 60 per cent (on the basis of coal 
dust used). 

Jn India we have a limited number of oil" Reids but there are 
vast coal-fields. We can, therefore, count upon our coal-fields to 
tupply synthetic petrol. Efforts are being made to set up a plant for 
the maaufiicture of synthetic petrol by Bergius process. A 1,00,000- 
tonne capacity plant will cost about twenty crores of rupees. 

(•»} Fiecbyrr -Tropach Procaaa. Steam is blown over red 
hot coke to get water gas (CO+Hj). Water gas mixed with half 
its volume of hydrogen is then passed over the catalyst at 470-870K 
under 1-10* atm pressure. 

xCOffi'Hi -* Mixture of hydrocarbons -f H,0 
(Saturated and unsaturated) 

Varioua metals and oxides have been used as catalvst. One of 
the best known catalyst* is a mixture ol cobalt (100 parts), thorn 
(5 parts), magnesia (8 parts) and kie&elguhr (200 parts). When the 
pressure maintained is 9-10 atmospheres, more ol high boiling frac¬ 
tion is obtained. To get more gasolme reaction is earned out under 
atmospheric pressure. 

The crude oil obtained is refined by fiaclional distillation as in 
the case of petroleum. The high boiling fractions are cracked to get 
more gasoline. 

Id frs d ds g end Octane Rating.— In an internal com¬ 
bustion engine the fuel mixture o f gasoline vapour and air burns 
within the working cylinder* Mixture is fired by m&an*of a spark 
from the sparling plug, bor maximum efficiency the fuel mixture 
must he highly compressed before firing in the cylinder* The 
modern automobile engines, squeeze this mixture to onp-seventh or 
even to one-eighth of its normal volume. 

As the. cqipprewon, ratio focr/e-ues, a point is reached when the 
knocking is observed. On sparking all the fuel does not bum 
smoothly, the end portion burns with explosive violence giving rise to 
a metallic rattle called knocking, This results in the loss of power. 

It has, however, been found that tendency to knock falls off 
with change in the nature of the fued as follows : 

Straight -chain paraffins > branched - ebai n paraffins > ol efins> 

naphthenes > aromatics. 

Octane rating of a gasoline u a number. It is a convenient 
device for rating the anti-knock qualities of a gasoline. The higher 
the number! the lesser the tendency of the gasoline to knock in a 
high compression engine. 
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Edgar introduced (in 1927) 2, % 4-trunethylpcatane (incorrectly 
known as isooctane) which has excellent anti-knock properties and 
n-heptane which knocks far more badly than commercial gasoline as 
standards for rating the anti-knock properties of a fuel Isooctane 
is grdaa an arbitrary rating of 100 while normal heptane is given a 
rating tiPafelo. All other faels are compared with their mixture in 
suitable proportions. 

dcum rttUng or Octane nttrtAtr of dasotite is the pef&htaff* of 
isootitbne ih ffo Htixtut'e df UtoodaiU MS, 'HrkepU£he ‘which ttdtoJtektte 
/Wet in kn&Mng Support the ghsoiine ’being tested bdhaVea like a 
mixture of 70% isoOctane and 50% ft-heptane, its Octane humber is 
70. Good gasolines have a fairing of 50 Or higher. Aviation gasoline 
(gasoline used in aeroplanes) has a rating of 100. "Gasoline With 
rating higher than 100 have been produced. 

frmifan of kMxkilt. Methods employed lor preventing 
or iMtdnhting knocking bth \ 

(1) «y adding antiknock compoaads Tetraethyllead (TEL) 
is one such compound which when ad d ed to gaiolinr minimises 
knocking. It moderates the combustion of gasoline So that it 
burns smoothly. This, however* leads to the deposition of lead 
metal in the entine. Ethylene feretakfe ii mixed sMi leaded 
gasoline to prevr nt this d epos h fen mf toad. The metal is conve i tt sl 
into lead bromide (a volatile product) which escapes with exhausted 
gases. 

Pb + CH.Br-CH t Br-* PbBr.+CH^CH, 

Ethykne bromide {volatile) 

(2) Other methods. Lead being toxic, lead bromide escaping 
from the exhaust pipe is a dangerous pollutant of atmosphere. The 
modern trend is, therefore, to improve octane number without 
adding TEL. It has been found that tendency to knock falls off 
with change in the nature of hydrocarbons in the fuel as follows ; 

Straight-chain paraffins > branched-chain paraffins 
> olefins > napthene* > aromatic hydrocarbons. 

Octane number of a fuel can be unproved by enhancing the 
percentage of branched-chain alkenes and aromatic hydrocarbons 
in the gasoline. Some of the method" used for getting no-lead 
gasoline with improved octane nunber are : 

(0 Isomerisation {also termed Reforming). By passing gaso¬ 
line vapours over A1CI* (catalyst) at 570K. 

CH S 

AlClj | 

CHjCH^H^HaCH,-► CH 3 —CH—CH S —CH a 

Pentane 570K lsopentsne 

i octane number®* 62) (octane number »$0) 

(//) Alkylation. Cracking of petroleum is accompanied by 
alkylation too. For example, isobutylene produced during cracking 
alkylates isobutane to form isooctane. 
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CH, CH a CH, CH, 

1 I H,SO« | t 

CH,—C—H + CH,—C—CH,-► CH,—C—CH,—CH—CH, 

I or HF { 

CH, CH a 

2, 2, 4-Trimethyl pentane called 
isooctane (octane numbers 100) 

(ii'O Aromatisetion (also termed Platforming). By passing 
crude naphtha vapours over platinum catahst (Pt + A) s O a ) at 770K, 
when straight chain alkanes yield a mixtuie of benzene, tolueur 
and xylenes (BTX), e.g. f heptane (octane number = 0) gives toluene 
(octane number^ ]04). No-lead gasoline sold today is the gasoline 
obtained by isomerisation and alkylation blended with BTX. Its 
octane number is about 90. 

12. Cetane Number.— Working of a diesel engine differs 
from that of a petrol engine. In a diesel engine air is sucked into 
the cylinder and then compressed in the ratio 14-17 to 1 when it gets 
heated. Diesel is then injected into the cylinder in the form of 
a fine spray when it bums spontaneously. Tn diesel engines straight- 
chain hydrocarbons constitute a superior fuel than the brand led- 
chain hydrocarbons. 

Quality of diesel fuel is expressed in terms of cetane number. 

Cetane (n-hexadecane, C l€ H 34 ) ignites 
rapidly and is given arbitrarily a cetane 
rating of 100. a-Methyl naphthalene 
ignites slowly and is assigned a cetane 
rating zero. 

Cetane number of a given sample is 
the percentage of cetane in a cetane anil 
a-methvlnaphthalene mixture which com¬ 
pares in ignition quality with the given 
sample, 

13. Flash Point—I he explosive nature of 
a liquid hydrocarbon t* determined by volatility. 
It is important, therefore, that kerosene needed 
for illuminating purposes should not be so volatile 
as to form explosive mixture with air at ordinary 
temperature. The Minimum temperature at which 
an oil gives off enough » apour to form on explosive 
mixture with air n flash-point or flashing point 

Abel’s apparatus used for the determina¬ 
tion l f flash-point is shown in Fig. 16 * 3 . The 
sample of kerosene is placed in a small metal 
cifp and heated slowly by means of the surrounding water bath* From time to 
time, a slit in the cover of the metal cup is opened and a tiny flame introduced 
momentarily by means of an automatic device, the temperature at which the 
vapour ignites with a minute explosion is noted and gives the flash-point. 

The minimum flash-point permitted m India is 317K, that in France is 
306K whereas the one adopted in England is 306’ SIC. 

14. Fetro-Chemical Jodnsiry.—Natural gas is a mixture of alkanes and 
alkenes* Lam volumes of these hydrocarbons arc obtained during cracking of 
petroleum* These constitute excellent raw materials for numerous compounds 
which are termed petrochemicals. Different hydrocarbons of petroleum and 
various compounds obtained from them are the following: 



Fig. 16*3—Abel’s flash¬ 
point apparatus. 
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Hydrocarbon* 


(/) Methane 


(if) Ethane 


(iii) Ethylene 


[iv) Propane 


[v) Propene 


(vi) Butanes 
(v«7) Butenes 

(viri) Pentane 

(ia) ii- Hexane 
(a) n-Heptane 
(jrO Acetylene 


(xii) Diolefins 
(xiii) Cycloalkencs 

( xiv ) Toluene 


Cob pound* obtained 


I Mono-, di-, tri-, and tetrachloromethane*, notthanol, 
methanal, acetylene, formic acid, methyl ether, 
dimethyl sulphate, ethylene glycol, memyUmine, 
haxamcthylenetetramine, hydrogen cyanide, acrylo¬ 
nitrile dichloroinonofluoromethane, dichlorodifluo- 
rome thane. 

Ethyl chloride, acetic acid, nilroethane, .ethylene, 

! acetaldehyde, accltc anhydride, ethyl acetate, 

dtethyl ether. 

Ethanol, ethylene glycol, ethylene ox,idc,, ethylene 
chloride, ethylene chlorohydrin, vinyl chloride, 
butadiene, acetaldehyde, acetic acid, ethyl acetate, 
ethyl ether, crotonaldehyde, butyraklchydc, 
I-butanoL, butyric acid, ethyl chloride, tetraethyl 
lead, ethylene bromide, dithioglycol, glyoxal, 

I acrylonitrile, acrylic acid. 

Propanol, propionic acid, nitro-melhane, nitro-eihaoe, 
nitropropane, ethylene, 1, 3-dichloro propane, 
isopropyl ether, isopropylamines, acetone* acetone 
cyanohydrin. 

Glycerol, ally! alcohol, allyl chloride, isopiopyl 
alcohol, isopropyl ether, isopropylamine, acetone, 
acetone cyanohydrin, diacetone alcohol, mer.tyl 
oxide, keLen, acetyUcetone, cumene, propylene 
oxide, propylene glycol, propionaldehyde, propionic 
acid, n-propyl alcohol, acrolein. 

Butylenes, butadiene, thiophene. 

Butanol, butadiene, ethyl methyl ketone, butyl ethyl 
ketone, /eM-butyl alcohol, polybutylencs, butyl 
rubber, iso-octane. 

. Amyl alcohols, amyl chlorides, amylamines, amyl 
mercaptans pantylenes. amyl phenols. 

Benzene, DDT, gammexane (CiHiCh). 

Toluene. 

Carbon black, vinylacetylene, chloroprene, acetalde¬ 
hyde, acetic acid, peracetic acid, vinyl chloride, trich- 
toroethane (1, 1, 2-), teirachloroethane (1, 1,2. 2-), 
pcnlachloroelhane, ethylene chloride, trichloro¬ 
ethylene, tctrad^procthylenc, vinyl acetate, melliyl 
v.nyl ether, butadiene, acrylonitrile. 

Hexamethylenediamine, 4-vinyIcyclohexene, isoprene. 

Benzene, toluene, xylenes, adipic acid, hexaroethy- 
lenediamine. 

Benzv l chloride, benzal chloride, benzolrichlotfale, 
benzyl alcohol, benzaldehyde, benzoic acid, T.N.T., 
toluencsulphonic adds, p-toluenesulphona m ide, 

phthalic anhydride, l^re-phthalic acid. 
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QUESTIONS 

E»ty Type: 

1. Wlut arc various Fractions-obtained from Petroleum ? Mention the 

i DdttstriaJ met to which they are put. {Delhi MSc. Hams . Sub. 1976 Supp.) 

2. fitruralhp thc.accurreaae, compoMtioa.aaS probable origin of natural 
petroleum. Give AH outline, in brief, of the method of treatment of the crude 
product 

3. Give a abort account of the methods employed for the production of 

synthetic petrol. What attempts are being made in our country for its manufac¬ 
ture T (Delhi BSc. 7979, 77) 

4. fp) How i* synthetic petrol made ? 

(h) What are petrochemicals ?*How can teflon and neoprene be prepared 
ban petrochemicals T 

(c) How can the octane number of a fuel be improved ? 

(Delhi B.Sc. Hons. 1981) 

Write‘fhoft notes on : 

I. Cracking and its importance in petrokian industry. 

(Andhra B.Sc. 1978) 

1. Octane number. How can octane number of petrol be increased ? 

3. rntMkrt (Drihi BJSf 1976 ; B.Sc. Hons. 1977 ) 

4. Anti-knock compounds. 

5. Po l y m erisation. (Andhra B,Sc. 1978) 

6. Aviation petrol. 

7. Petrol substitutes. 

[Hint. See Synthetic Petrol and Power Alcohol.] 

«. TEL. 

9. Catalytic cracking or Reforming. 

10. Sweetening of sour gasoline. 

11. Flash-point. 

12* Explain the terms. Octane number and Cetane number as used fot 
grading of automobile fuels. 

(Delhi B.Sc. Hons. 1978 . 76 ; Kerala B.Sc. 1977 ; Kurukshttra 1976) 

13. What aic pctro-chemicals ? Give examples*of three classes of organic 

compounds included therein. (Delhi B.Sc . Hons. 1976 ) 

14. Describe in brief a method for the synthesis of a liquid fuel from 

Wller gas. (Delhi BSc. Hons. 1976 1 




Halogen Derivatives 


1. General. —The paraffins react with halogens which replace 
one or more of their hydrogen atoms by halogen atoms. The products 
obtained are called halogen derivatives of paraffins . These arc classi¬ 
fied as mono-, di-, tri- and tetra-halogen derivatives according to the 
number of halogen atoms in the molecule. All these substances are 
purely synthetic products and are not found in nature. They are very 
reactive and provide the starting material for a very large number 
of aliphatic compounds. These are analogous to inorganic metallic 
halides such as sodium chloride, NaCl but differ from the latter in 
being covalent in nature. Thus whereas inorganic chlorides give a 
white precipitate of AgHl with an aqueous solution of silver nitrate, 
ethyl chloride gives none. 

MONOHALOGEN DERIVATIVES 


2. Nomenclature. —The mono halogen derivatives of paraffins 
may be represented by the general formula CnHj,,^ X or RX where 
X repesents F, Cl, Br or I. 


Monohalogen derivatives are usually named as the halides of 
the corresponding alkyl groups and the homologous series is 
known as alkyl halides. These are further named as primary, second* 
ary or tertiary according as the halogen atom is attached to a pri¬ 
mary, secondary or tertiary carbon atom. 


In the IUPAG system alkyl halides are named as substitution 
products of the corresixmding alkanes as given below : 


Formula 

CH,Br 

CH..CH.I 

CH,XH,.CH 1 Cl 

CH,.CHCl.CH a 

CHj.CHa.CHg.CHiI 

CHk 

JCH.CH.I 

ch/ 

CH.CH.CHICH, 

CH..CI-CH. 

CH, 


Common name 
Methyl bromide 
Eihyl iodide 
n -Propyl chloride 
isopropyl chloride 
n-butyi iodide 

Isobutyl iodide 

jfc-butyl iodide 
/er/-bulyl iodide 


tUPAC name 
Bromo me thane 
lodoethane 

1- Chloropropane 

2- Chloropropane 
J-lodobutane 

Modo-2-methyI- 

propanc 

2-IodoDutane 

2-Iodo-2mcthyl- 

propane 


3, General Methods of Preparation.— Different methods by 
which the alkyl halides may be prepared are : 

(1) The method most widely used is by the replacement of the 
U 0B M group in alcohols with an "JP’ atom by means of : 
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(a) Hydrogen chloride or bromide in thr presence of ziic chlo* 
ride or sulphuric acid. 

ZnCl, 

RIUH+HiCl-► RC1 + H.O 

H,S0 4 

R|OH+H|Br-► RBr + H.O C** ) 

In case of secondary and tertiary alcohols, the sulphuric 
acid is omitted since it brings about dehydration of alcohols to ole¬ 
fins. Primary alcohols may be heated with potassium bromide and 

sulphuric acid. A , 

R0H+KBr+H,S0 4 -► RBr-rKHS0 4 +H.O (v.g.) 


Alkyl iodides arc obtained in good yield by refluxing the 
alcohol. ith excess of constant boiling hydriodic acid (57 per cent). 

(6) Phosphorus halides. 

ROH+PC1,-► RC14POCI.+ HC1 

3ROH+PCI,-► 3RC1 f H,PO, 

Phosphorus tri-bromide and tri-iodide are usually prepared t n 
situ, bromine or iodine is added to a mixture of red phosphorus and 
alcohol and wanned. The yield is v.g.-ex. for pi imary alcohols but 
is less for secondary and still less for tertiary alcohols. 

(c) Thionyl chloride in presence of pyridine (J mol). 


Reflux 

ROH+SOC1, -RCl+SO.+HCl 

(2) By the addition of halogen acids to an olefin , e.g. 7 

CH^CH.+HI-» CH.CH.1 

Ethylene Ethyl iodide 


(3) By direct halogenation of paraffins m the presence of light 
or catalysts . The order of ease of substitution is 

tertiary hydrogrn atom>secondary>primary. 

During chlorination every possible monochloride is obtained 
and chlorination beyond monosubstitution may be suppressed 
by controlling the ratio of chlorine to paraffin. 

Av 

CH 4 + Cl. —► CH.CI + HC1 

Methane Methyl chloride 

4. By the displacement of one halogen atom by another . For 
example, an iodide may be obtained in manv rases by treating the 
corresponding chloride or bromide in acetone ot methanol solution 
with sodium iodide. This is possible because sodium iodide 
soluble in methanol or acetone whereas sodium bromide ar^ sodium 
chloride are insoluble in these. v 

RCl+Nal —► RI + NaCl 


5. General Properties of the Alkyl Halidea.— 

(a) Physical, (i) The lower members (methyl chloride, 
methyl bromide and ethyl chloride) are gases. Ihe rest of the 
lower members aic colouiless, sweet smelling liquids. 

(it) They arc generally insoluble in water but are soluble in 
alcohol, ether and benzene. 

(hi) Bromides and iodides arc heavier than water. 

(it?) Their boiling points and densities show a regular gradaticn 
in the order iodide>bromide>chloride>fluoride. 
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( 0 ) Alkyl iodides arc sufficiently reactive to be decomposed by 
light. Liberation of iodine is responsible for the darkening of alkyl 
iodides on standing. This is due to the instability of C—I bond. 

2RI —► R—R+L 

(t’t) Spectroscopic Properties. In the UV region alkyl halides 
show absorption bonds of low intensity as follows : 

C—Cl—173m^, C—Br=240mp 

and C—I=258mfx 

The IR absorption region of alkyl halides (C—X stretch) 
depends on the nature of the halogen atom ; 

C-F, 1100—1000 cm-^s) ; C-Cl. 750-700 cm" 1 ^) ; , 

C—Br, 600 — 500 cm _1 (s) ; C— I, 500 cm~ l {s). 

In the NMR spectra proton signal of methylene group 
attached to the halogen atom has a chemical shift value in the range 
3-2-3*70 (Tt>’8-6*3). 

(b) Chemical. The alkyl halides aie highly reactive, the 
order of reactivity being iodide>bromide> chloride ( nature of the 
halogen atom) for a particular alkyl group and tertiary > secondary 
> primary > methyl halide ( nature of the alkyl group) for a 
particular halogen atom. Among-* the primary halides the order 
of reactivity is 

CH 3 X>C 2 H b X>C 4 H b CH 2 X 1 etc. 

These orders of reactivity and other important reactions of 
alkyl halides can be explained in the terms of the nature of C—X 
bond which is highly polarised covalent bond due to large electro¬ 
negativity difference between C and X atoms. In the dipole, carbon 
is the positive end and halogen is the negative end. 

(i) The C* is susceptible to attack by nucleophiles.* Pre¬ 
sence of a small negative charge on the halogen atom (X) facilitates 
its leaving as halide ion (X") when the molecule is approached by a 
nucleophile. Leaving halide ion is substituted by the approaching 
nucleophile (an electron-rich species). This gives rise to nucleo¬ 
philic substitution reactions of alkyl halides. 

Nu~+ R—X-► Nu — R-j-X" (Nucleophilic substitution) 

-X- Nu- 

R—X-► R + -► R—Nu (SnI reaction) 

slow 

slow &- 8- 

Nu~+R-X-► Nu...R...X Nu-R + X- (Sn 2 reaction) 

(ii) The positive charge on carbon is propagated to the 
neighbouring carbon atoms by inductive effect. When approached 
by a stronger base, it tends to lote a proton usually from the P-car- 
bon atom. Such reactions involving the elimination of a halogen 
atom along with a proton from P-position are termed elimination 
reactions. 

, _ ’Some typical nucleophiles in the increasing order of nucleopUlfcUy 
(defined as the ability to coordinate with an electron-deficient C atom) ere : 

H§0, NO*-, F-, CH $ COO-, Cl', “OR, Br-, N t -,-OH f -CN, r. 'SH, SR. 
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(el El reaction 

H H 

i | 
ie lv 

R—f '—'C -II 

I K 

jj 

B&H II 

K i 

R — C—C—H 

I * 

H 

(b) E2 reaction 


K H 


-H + .\ 


Mr 


+ BW 


B--H 


B —H + 


—l—c -- —J^c-►>f=c< + x' 


1 A 


C‘- 


TfiAN5ITlQN STATE 


As the inactions of alkyl halide involve leaving of X~, the 
difference in the reactivity bf various halogens should be in the order 
or decrease of C—X bond strength This has actually been found 
to be the case 

Type of bond C—F C—Cl C—Bir C—I 

Bond energy (kj mol' 1 ) 447 7 326*4 284 5 213’4 

Variation of activity with the nature of alkyl group 
(tertiary > secondary > primary) can be explained as follows : 

The alkyl groups arc electrons repelling or electron releasing Larger 
the number of alkyl groups attached to the carbon atom of the C—X, the 
greater is the electron density on this carbon atom and hence greater is the 
repulsion of the electron pur towards the X-atom of the C—X bond. This may 
tie represented qualitatively as follows * 

R 

R-h-CHj-t-X R^CH-4—h-X R-g-C-^-f—^X 

+ + 

R R 

That the X atom is released as an X" ion most readily in tertiary 
and least readily in primary halides. 

The primary allcyl halides undergo reactions by either S N 2 or 
E2 mechanism which involve the formation of an intermediate 
transition state. Bulkier groups cause ateric hindrance in the 
formation of transition state. Hence case of formation of transition 
state decreases as we pass from simple methyl group to bulky 
•■propyl group. Therefore, the order of reactivity should be i 

CH,X > C|H f X > n^HjX, etc. 
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The tertiary alkyl halides react by either SnI or El mechanism 
via formation of a carbonium ion as intermediate. The reaction 
is, therefore, favoured by structural features which help stabilization 
of the intermediate carbocation. 

The secondary alkyl halides react by either or both of these 
mechanisms depending on the nature of alkyl halide and the nature 
of reagents. 

Many of the alkyl halides burn with green edged flame. They 
are extremely important reagents in organic syntheses as they 
undergo a large variety of reactions given below : 

(1) Nucleophilic Substitution Reactions 

(i) Hydrolysis. Alkyl halides are hydrolysed to akohoU very 
slowly by water but rapidly by boiling with aqueous alkalis or with 
silver oxide suspended in boiling water. 

RX + K OH-► ROH + KX 

{Aqueous) Alcohol 

or RX + “OH-► ROH + X" 

(ii) Reaction with Sodio»Alkynides. Higher mlkynea are 
produced when alkyl halides react with sodio-alkynides. 

RC*C|Na _ +_ 1|R' — t- KCmCK' + Nal 

Sodio alkynide Higher alkyne 

os R—X 4 * :CwtCH —► RCmCH 4- X 

Reaction is practically limited to the use of primary alkyl halides because 
of the great tendency of secondary and tertiary alkyl halides to undergo elimi¬ 
nation. 

(CH B ),CHX + :CmCH —► CH. CH-CH. 4- HC—CH + X" 
jec-Propyl halide Propylene ( Olefin ) 

Order of reactivity of alkyl halides for elimination is 3° > 2 ° > 1 ° while 
that for substitution is I u > 2 ° > 3°, elimination increases and substitution 
decreases as we pass from primary to secondary to tertiary halides. 

Elimination increases Elimination <E2) 

RX - 1° T ° 3®* vj. 

4 - - ..i - 

Substitution increases Substitution (S M ^ 

(ui) Reaction with Sodium Alkoxide or Dry Silver Oxide. 
Alkyl halides react with sodium alkoxide or dry silver oxide to give 
ethers. 


RQNa 4 

X|R' —*■ ROR' 

j. 

NaX 

Sod. alkoxide Alkyl halide Ether 

C.H.Q|No + ]lc,H t —► C.H.OC.H, 

Sodium Ethyl iodide Diethyl ether 

ethoxidg 

+ 

Nal 

+Agi 

CJL I 

C.H, 

° - &H/°. 

+ 

2Ag1 

Ethyl Dry silver ether 

iodide oxide 
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Reaction with indium alkoxide is in example of 8*2 reaction and talma 
flaoe as under: 

CfH|0~ +CH*—I —► CtHfi C.H.O-CH, 4 f- 

Transitkm Kate 

(tv) Reaction with Potassium Cyanide. Alkyl cyaniden 
are obtained when alkyl halides are heated with aqueous cyanide, a 
small amount of isocyanide is also obtained. 


r[ X 4- K iCN—► 
A halide . 


or 


Alkyl 
A-X 4 


CmN —► 


RCN 

Alkyl cyanide 
RCmN 


KX 
X ' 


Alkyl cyanides are very important compounds since they can 
be used to prepare many other compounds, e.y., 

(a) Acids are obtained by hydrolysis of cyanides with mineral 
acids or alkalis. 


H a O 

RCbN-► 

Alkyl cyanide 

H a O 

CH.CbN --► 

Methyl cyanide 


RCONHj 

Amide 


H.O 

-► RCOOH 

Acid 


H.O 

CH.CONH.-► CH.COOH 

Acetamide Acetic acid 


4 NH. (s.-v.g.) 


NH. 


( b ) Amides are obtained by the partial hydrolysis of cyanides 
with alkaline hydrogen peroxide. 


R.CaN 

CH.C^N 
Methyl cyanide 


4 

4 


H.O 

H.O 


alk H.O. 


RCONH. 


CH.CONH. 

Acetamide 


(c) Primary amines are obtained by the reduction of 
cyanides with nascent hydrogen from sodium and ethanol. 

R.CaaN 4 4[H] + RCH.NH. 

Alkyl cyanide Primary amine 

4 4[H] 


CHg.CaaN 
Methyl cyanide 


Ethyl amine 


i» Reaction with Silver Cyanide. Alkyl isocyanides 
are obtained when alkyl halides are heated with aqueous ethanolic 
silver cyanide. Isomeric cyanides are also formed in small amounts. 


QH. ll 4 Ag |CN 


* C.H.NC 4 Agl 
Ethyl /^cyanide 


Silver cyanide, Ag—Gc=N i is a covalent compound. When 
treated with an alkyl halide, the potential alkyl carbonium ion is 
driven to the nitrogen to yield mainly alkyl isocyanide (c/. KX2N 
‘which is an ionic compound and gives R-CsN as explained 
above). 


Ag—CSN: +R—I—►[Ag—C=N—R]+I- 


—Agl 


♦ R—N^C: 

Alkyl isocyanide 
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(vi) Reaction with Silver Salt of a Fatty Acid. Eaten 
are obtained when alkyl halides are heated with an ethanolic solution 
of the silver salt of a fatty acid. 

RCOO/a*—+ 5E/R' —*■ RCOOR' + AgX 

Silver salt of Alkyl Ester 

a fatly acid halide 

CH.COO/AT -I- ~1 |C * H » —♦ CHjCOOCjHi 4* Agl 
Silver acetate Ethyl Ethyl acetate 

iodide (An ester) 

or RCOO + R'X —* RCOOR' + X 

(vii ) Reaction with Silver nitrite. On heating an aik>) 
halide with an aqueous ethanolic solution of silver nitrite, Nitro- 
paraffin is obtained as the main product. Some alkyl nitrite is also 
obtained. 


RIK f 

Ag —O—N-O-.R-N'' + 

AgX 


Nitroparaffin 



_ .o 


c.H.ir~ 

Ak— 0—N-0+ Nf 4 

- 

Agl 


Nit roe thane 

(mii) Reaction with Potassium Nitrite. By heating an alkyl 
halide with potassium nitrite in an aqueous ethanolic solution. 
Alkyl nitrite is obtained as the main product though some nitro- 
paraffin is also obtained. 

Rlx_+ K|—O— N=0 -+ R—O— N =0 + KX 

Alkyl nitrite 

C,H,I + K—O—N=0 -► C,H,—O—N -= O + KI 

Ethyl nitrile 


or C.H.I + O—N-0 C,H,0-N=0 + I 

(*r) Reaction with Sodium Hydrogen Sulphide. Alkyl 
.lalides form thioalcohola with aqueous alcoholic sodium hydrogen 
sulphide. 

R jX ± NalS H —► RSH 4* NaX 
Alkyl Sod. hydrogen Thioalcohol 
halide sulphide 

or R—X 4- : SH” —* RSH + X’ 


(x) Reaction with Mercaptides. Alkyl halides when heated 
with an alcoholic solution of a mercaptide (metallic derivative of a 
thioalcoliol) or with potassium sulphide form thioetherg. 


RSJ Na + 
Sod. mercaptili 


RSR' 4- NaX 
Thioether 



X 

2KX 
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4 u ** Reaction with Ammonia. When alk' J halides are heated 
with ethanolic solution of ammonia under pressure in a sealed tube, 
a mixture of Amines (substituted ammonias) is obtained. Foi 
example, 


C,H,| i +H|NH, 

CgH.NH, + 

HI 

Ammonia 

Ethylamine 
{Primary amine ) 


C.H^lH|lT + l|C,H, 

(CgHghNH + 

HI 

Ethylamine 

Dicthylamiue 


(C.H t ),N|H+T"lC l H, 

(Secondary amine) 


+ (CiH^N + 

Triethylamme 
{Tertiary amine) 

HI 

(C,H,),N + C,H,I 

+ (CgHghNl 


Tetraethylammonium iodide 
(Quaternary compound) 


or C,H,-X + : NHR, ♦ C,H,NHR, + X 

Amine salt 

[where R—H and/or alkyl group] 

(2) Elimination Reaction or Dehydrohalogenation. 

When alkyl halides are boiled with alcoholic potash, olefins air 
obtained, e.p*, propyl bromide gives propylene. 


CnHm+jX 

Alkyl halide 
CH,.CH 1 .CH ? Br 
Propyl bromide 


+ KX + HgO 
+ KBr + H t O 


+ KOH —► C n H| R 

{Alcoholic) Olefin 

+ KOH —* CHg.CH-CH, 

[Alcoholic) Propylene 

In fact on heating an alkyl halide with an alkali (aqueous oi 
alcoholic), three products are obtained ; alcohol, olefin and ether. 
An alcohol is the main product with aqueous alkali or moist silver 
oxide (AgOH) and an olefin is the main product with alcoholic 
alkali. 


Ethanolic potassium hydroxide always contains some potassium 
ethoxide which reacts with alkyl halide to give ether. 

CgBfll k + _[C,H|4C,H|—O—CgHg-j- Kl 

Pot. ethoxide Ethyl ethet 


Similarly, methyl iodide with methanolic pofa&li gives methyl 
ether and no olefin. 

CH,O K + i) CH t -► CHgOCH, + Kf 
Pot. ethoxide Methyl ether 

With ethyl halide, yield of ethylene under most favourable 
conditions is only 1 per cent, the main products being su bsti tution 
products. 

The mechanism of the reaction involvinf elimination of a molecule ol 
HX to form an olefin is as follows : 


fcthaoolk potassium hydroxide contains potassium ethoside which mac. 
with alkyl halide. The reaction is bimolecular and lakes pto byaSTEI 


(\ r\ 

QH|Q‘4-H— CH —CHg- ~Br — CgHgOH + CH«*CHg + (r 
Propyl bromide Propane 
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Olefins obtained above may be used Tor the preparation of 
acetylenes as follows : 

Bri KOH 

CH.CH-CH, —► CH|.CHBr.CH fl Br -► CH..C—CH 

Propylene Propylene - alcoholic Propync 

4 bromide 

(3) Reduction. Alkyl halides are reduced by zinocopper 
couple, sodium and ethanol or tin and hydrochloric acid, etc*, to 
form the corresponding paraffins as a result of electron transfer from 
the metal to the substrate. 

Zn + Zn* + 4- 2r 

from Zn/Cu couple electron 

• r* 

RX + e~ X + R* —► R: 

R: + C.H.OH -* R-H +C.H.O- 

Alkyl iodides may also be reduced by heating with concents 
rated hydriodic acid in the presence of red phosphorus at 430K. 

C,H,1 + HI C.H. + I B 
Ethane 

(4) Wurts Reaction. An ethereal solution of an alkyl halide 
(preferably bromide or iodide) giv^s a paraffin when heated with 
metallic sodium. 

R |X+2Na+XjK/ R—R' + 2NaX 

CH.|1±M±I|CH. -+ CH,—CH, + 2N*I 

Ethane 


(5) Reaction with Magnesium. Alkyl halides are usedfro 
prepare Grignard reagents by reaction with dry magnesium powder 
ui dry ether or dioxan. 


R—Mg—X - 
Grignard reagent 


dry ether 

RX + Mg-► R—Mg—X ' 

Dry alkyl dry Grignard reagent 

halide 

dry eiher 

C.H.I + Mg-► C,H, —Mg—I 

Ethylmagnesium iodide 

Grignard reagents arc very important, being used for the 
preparation of a very large number of organic compounds. 

(6) Action of Heat, (a) When heated at a temperature above 
570K, alkyl halides tend to lose a molecule of halogen acid 'and 
give olefins. For example, isopropyl iodide gives propylene. 

Above 570 K 

CH..CH CH.-> CH..CH-CH, + HI 

I * Propylene 

IJ__ HI 

In their tendency to lose a molecule of halogen acid the aJkvl 
halides can be arranged as under : 

Iodide > Bromide >■ Chloride, and 


Tertiary halides > Secondary > Primary* 

Thus tertiary iodides lose a molecule of HI in no time* 
TOC41-|-«3-7 
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(b) When heated at about 570K or at a lower temperature in 
Ail presence of aluminium chloride as catalyst* the alkyl halides 
undergo rearrangement, e.g., 1-bromo butane gives 2- bromobutane. 

570K 

CH 1 .CH i .CH,.CH,.Br-> CH.-CH^CHBr.CH, 

1-bromobutane A1C1, 2-bromobutanc 

Mechanism of the Reaction : 

-Bf + Rearrangement 

CHsCH.C^CH.Br-► CH.CH.CHtCH,-► 

i-Bromobutane 1 "carbocation Hydride shift 

+ Br- 

CH s CHjCHCH|-» CH.CHjCHBrCH, 

More stable 2-Bromobutane 

2 3 carbocation 

In case there is no hydrogen atom attached to the carbon atom 
next to C—X group an alkyl group migrates as in neopentyl chloride 
which gives 2-chloro-2-mcthylbutane on heating. 

(CH 3 ),C.CH,C1-► <CH # VCCl.CH g .CH l 


Mechanism of tbe Reaction 

Cl' + Rearrangement 

(CH,hC-CH.Cl —► (CH,) S C- CH a -► 

1" carbocation Alkyl shift 

+ ci- 

(CH S ),C—CHj.CH*-► (CHJ.CCLCH.CH, 

3° carbocation 

5. Reactions of Alkyl halides (Revision) 

(a) Nucleophilic substitution. The nucleophile may be an anion, Y: a 
neutral molecule, Y: or HY: and the operation of each is illustrated in the 
general equal 10 ns for a compound RX given below : 


R-X + Y: 

->■ R—Y + X 


R-X + HY: 

■+ RYH + X. -+ RY: +HX 


Nucleophile 

Product 

Product name 



(when R is CH a ) 

<1) When Y : is an ion : 

: OH 

ROH 

methyl alcohol 

: OCH f 

ROCH, 

dimethyl ether 

: CauCH 

R CauCH 

mcthylacctyJene 

: I 

Rf 

methyl iodide 

:C«N 

RCN 

methyl cyanide 


ch h:; 

X OR 

f 

methyl acetate 

:NH, 

RNH, 

methylamme 

: NHR 

R«NH 

dhnethylamine 
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NR, 

R,N 

trimethylamine 

SH 

RSH 

methyl thioalcohol 

SCH, 

RSCH, 

dimethyl thiocther 

NO, 

RNO, 

nitrom ethane 


(2) When Y: or HY: is a neutral molecule 


(CH,),N : RI^CHbIiX* letramethylammonium halide 

HNHi RNH| methylamine 

[ammonia] 

(6) Dehydrohalogeoation (Elimination) : 

Base 

> c—c < -► >C=*C< 

| I -HX 

H X Olefin 

(c) Reduction * 

Ni 

Catalytic : RX+H, - ►RH + HX 

Chemical : RX + M + H+-►RH + M^+X- 

(</) Preparation of Grignard reagent : 

RX-t-Mg-►RMgX 

SOME INDIVIDUAL MEMBERS 

6. Methyl Chloride, Chloromethane, CH 3 C1.— 

Preparation. Mrtliyl chloiide is prepared industrially : 

fi) By pasting hydrochloric acid gas through methanol in the 
presence of anhydrous zinc chloride : 

_ZnCl, 

CH,1QH + H o -► CHjCl + H,0 

Methanol Methyl chloride 

(ii) By heating under pressure trimethylamine hydrochloride with 
hydrochloric acid. 

(CH,).N.HC1 + 3HC1-► 3CH.C1 + NH 4 C1 

Trimethylamine Methyl 

hydrochloride chloride 


(in) By chlorination of methane. All the four chloromethanes 
are obtained on chlorination of methane. The chlorine is diluted 
with nitrogen in the volume ratio CH 4 : CL : N, : : 8 : 1 : 80 and 
the reaction is carried out in the presence oi partly reduced cupric 
chloride. In this way about 20 per cent of tb* chlorine is used for 
the preparation of methyl chloride. 

CHg+Clg+lNJ-* CH 8 Cl+HCl+[N a +GH a Cl a +CHG] 8 +CCl 4 ] 

Any one of the four chloromethanes can be obtained as the 
main product by adjusting the ratio of chlorine to methane. 


Properties and Uses. Methyl chloride is a colourless, sweet¬ 
smelling gas (b.p, 249K). It is fairly soluble in water and readily 
soluble in ethanol. It gives all the reactions typical of alkyl halides. 

It is used (t) in the manufacture of aniline dyes, (it) as a refrige¬ 
rating agent, (tit) as a local anaesthetic, and (is) as a fire extinguisher. 
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7. Ethyl Chloride, Ghloroethane, C^IjCl.— 

Preparation. Ethyl chloride U manufactured : 

(i) By passing hydrochloric acid gas through ethanol in As 
presence of anhydrous zmc chloride. 

_ ZnCl, 

C,H,|OH + H|C1 -■+ CtH.Cl + H.O* h 

It can be prepared in the laboratory by the same method. 

(ii) By the addition of hydrochloric acid to ethylene (from 
cracked petroleum) in the presence of aluminium chloride as catalyst. 

A1CI* 

CHa-CH. + HQ-► CHaCH.-O * 

Ethylene Ethyl chloride 

Properties and Uses. Ethyl chloride is a colourless, pleasant* 
smelling g?s (b.p. 285‘5K) and gives all the reactions typical of an 
alkyl halide. 

It is lol d as a refrigerating agent, local anaesthetic and in the 
preparation of tetraethyl lead, sulphonal, etc. 

8. Ethyl Bromide, Broraoethane, C 2 H b Br. - 

Preparation. Ethyl bromide is prepared in the laboratory ; 

(t) By the action of phosphorus and bromine on ethyl alcohol. 

Pi-f*6Br| ■ 4PBr, 

3C.H.OH 4-PBr, —► 3C,H,Br + H.PO. 

Eth&nol Ethyl bromide 

(u) By heating together a mixture of ethanol and potassium bro¬ 
mide with concentrated sulphuric acid . 

2KBr+H*SO, —► K.SO, + 2HBr 

C.HJ OH ± H lBr —-¥ C,H B Br + H.O 
Ethanol Ethyl Removed by «««*■ 

bromide of oonc. H a SO c 

Ethyl bromide is, however, prepared industrially by the action 
of hydogen bromide on ethylene (from cracked petroleum). 

CH a -CH a + HBr —► CH,.CH,Br 
Ethylene ELhyl bromide 

Properties and U sea. Ethyl bromide is a colourless, pleasant* 
smelling liquid (b.p. 31 IK). It gives the usual reactions of an alkyl 
h&lide and is used as local anaesthetic and in organic synthesis. 

9. Ethyl Iodide, Iodoethane, C 3 H ( I.— 

Preparation. Ethyl iodide is prepared in the laboratory by the. 
action of phosphorus and iodine on ethyl alcohol. 

P,+6I* —► 4PJ. 

3C.H.OH+PI. —*► 3C t H i I+H,PO a 

Propertiee and Use*. Ethyl iodide is a colourless, sweet* 
smelling liquid (b.p. 345‘5K). It is a typical alkyl halide and is an 
important synthetic agent 
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10. Isopropyl Iodide, 2-iodopropane, GH a .CHl.CH a .— 

Preparation. Isopropyl iodide is prcparrd by the action of 
hydriodic acid or phosphorus and iodine (taken in excess) on glycerol. 


CH,OH 
I HI 

CHOH- 

Ah.OH- 

Glycerol 


CH,I CH, CH, 

I -I, II HI I -l 
CHI-► CH-<■ CHI- 

1 Ah., 


CH,I 

Glyceiyl 

triiodide 


Allyl 

iodide 


CH, CH, 

I HI I 

CH -CHI 

II i 

CII,I CH, CH, 

Propylene Propylene Isopropyl 
iodide iodide 


Properties and Uses. It is a colourless liquid (b.p. 3f>2'15K) 
when pure. It ;s heavier than water (sp. gr. 1*70j). It finds use in 
organic synthesis. 
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11. Nomenclature. —The dihalogen derivatives of paraffin* 
are obtained by the replacement of two hydrogen atoms by two 
halogen atoms and can be represented by the general formula 
C n H an X 2 . When the two halogen atoms are attached to the same 
carbon atom, i.e., are in the gtrninal ( gem) position, the derivative* 
are called alkylidene, halide.s, z.y., CH 3 .GHBr 2 , ethylidrne bromide ; 
CH 3 .CC1 b .CH 3 , isopropylidene chloride. 

When the two halogen atoms are on adjacent carbon atoms, 
i.e., in the vicinal (vie) position, the derivatives are named as alkylene 
halides —the halides of the olefins from which these mav be prepared 
by the addition of halogen. For example, CH 2 Br.CH 2 Br is ethylene 
bromide and CH 3 .CHC1.CH 3 C1 is propylene chloride. 

When there is one halogen rtom attached to each of ter¬ 
minal carbon atoms of the chain, in the oloj position, the deriva¬ 
tive is named as pojymethylene halide. For example, 

CFI a Br.CH 2 .CH 2 .CH 2 .Br is tetramcthylcne bromide. 

The three types of dihalides and others not covered by these 
types may also be named by the IUPAG system. For example. 

Formula Common name 1UPAC name 


CH,Br.CH,Br 

CH,.CHBr, 

CHp.CHCl.CHjCl 

CH,.CBr B CH, 

CH a Cl.CH a .CH,C1 

CH,.CHBr.CH,.CH t Br 


Ethylene bromide 1, 2-dibromoethane 

Ethylidene bromide 1. 1-dibromelhane 
Propylene chloride I, 2-dichloropropane 
Isopropylidene bromide 2, 2-dibroraopropaoe 
1 runeihylene chloride 1, 3-diclilcropropanc 
- 1, 3-dibromobutane 


12. General Methods of Preparation.— 


Alkylidene halides may be prepared : 

(i) By the action of phosphorus pentahalide on aldehyde or Ketones, 
For example, 


Aho 

Acetaldehyde 

v/ni 

+PC1, —► 1 + 

CHC1, 

Ethylidene chloride 

POC1, 

CH,.CO.CH, 

Acetone 

+PC1, —► CH,.CC1,.CH,+ 
isopropylidene 
chloride 

POC1, 
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(»») By the addition of halogen acid to acetylene*, e.g., 
CH CH, HBr CH. 

I -f HBr —4 0 —► i 

CH CHBr CHBr, 

Acetylene Vinyl Ethylideno 

bromide bromide 


Alkylate halides are •prepared by the addition of halogens to 
olefin*. For example, 


CH. 

11 + Br. 

CH. 

Ethylene 

CH.CH-CH, + Br, 
Propylene 


CH.Br 

Ethylene bromide 
CH,. CHBr.CH a Br 
Propylene bromide 


13. General Properties and Reactions. —The dihalidea 

are colourless, sweet-smelling liquids. Alkylidene halides are not as 
reactive as alkyl halides. It is found that reactivity of chlorine 
decreases progressively from methyl chloride to methylene chloride, 
chloroform and carbon tetrachloride. On the other hand, alkylene 
halides are as reactive as the alkyl halides. Some important reactions 
of the three classes of dihalides are : 


(♦) Hydrolysis . On hydrolysis with aqueous alkali, alkylene 
halides give glycols whereas aldehydes or ketones are produced with 
alkylidene halides. 


2KC1 


CH.Cl CH.OH 

I + 2KOH —* I + 

CH,C1 (aqueous) CH.OH 

Ethylene chloride Glycol 

CH 

CH, KOH aq. I \0 |h} -H.O CH. 

d:HCi. * N joH | <!:ho 

Ethylidene Unstable Acetaldehyde 

chloride "dihydric alcohol 


(ii) Reaction with alcoholic potash. Alkylene and alkylidene 
halides yield acetylenes when heated with alcoholic potash (sea 
page 2*61). 


(m) Reaction with zinc duet and Methanol . Alkylene and alky¬ 
lidene halides give olefins when heated with zinc dust and methanol. 


CH 2 Br CH 3 CH* 

I or | + Zn —► || + ZnBr a 


CH 2 Br CHBr, CH, 


Polymethylene dihalides in which the two halogen atoms are 
in 1,3 to 1,6 position give cycloalkanes, e.p., tctramcthylene bromide 
gives cyclobutane with zinc dust and methanol. 


CH.—CH.I 
dw.-CH,] 


Br 

Br 


+ Zn 


CH,—CH, 

d:H a —<! h, 
Cyclobutane 


+ZnBr fl 


•Two or more hydroxyl groups when attached to the same carbon atom 
are generally found to be unstable and readily eliminate a molecule of water. 




HALOGEN DERIVATIVES 2’10* 

(w) Alkylenc iodides tend to eliminate iodine particularly ml 
raised temperatures to form olefins, e.p.. 

Heat 

CHa.CHI.CHJ-► CH.CH-CH, +1, 

Propylene iodide Propylene 

(v) Reaction with potassium cyanide followed by hydrolysis and 
heating . Alkylene halides produce dibasic acids while alkylidene 
halides yield monobasic acids. 

CHJ KCN CH.CN H.O CH a COOH Heal 

I -* I -» I -► stable 

CHJ CHjCN CHaCOOH 

Ethylene iodide Succinic acid 

CH. KCN CH, H|0 CH. Heat CH t 

I - + I yCN-► I y COOH-► I 

CHI, CHC CHC —C°« CH.COOH 

Ethylidene N:N X:OOH Propionic acid 

iodide Unstable {monobasic) 

towards heat 

Reactions (•) and (v) can be used to distinguish between the 
two classes of dihalides. 

INDIVIDUAL MEMBERS 

14. Methylene Chloride, CH 2 C1 2 .—It was formerly manu¬ 
factured by partial reduction of chloroform with zinc and hydro¬ 
chloric acid in alcoholic solution. 

CHCU+2[H] —► CH.C1.+HC1 

It is now manufactured by direct chlorination of methane ako 
{see methyl chloride page 299). It is a liquid (b.p. 313K) and ia 
used as an industrial solvent. 

15. Ethylene Chloride, CH 2 C1.CH B C1 (b.p. 35 7K) mud 
Ethylidene chloride, CHgCHCl.* (b.p. 330K).—These are isomers. 
The former is prepared by the action of chlorine on ethylene and the 
latter by treating acetaldehyde with phosphorus pentachloride or by 
the action of hydrogen chloride on acetylene. 

The two can be distinguished by hydrolysis with aqueous alkali 
when ethylene chloride give9 glycol and ethylidene chloride gives 
acetaldehyde. 

TRIHALOGEN DERIVATIVES 

16. Trihalogen Derivatives.—The trihalogen derivatives are 
obtained by replacement of three hydrogen atoms of a paraffin by 
three halogen atoms. The most important trihalogen derivatives are 
those of methane and are commonly known by their trivial names : 
chloroform, CHCl 3f bromoform, CHBr s and iodoform, CHI a . Of 
these chloroform and iodoform will be discussed here. 

17. Chloroform, Trichloromethane, GHCl a .— 

Preparation. (1) Chloroform is prepared in the laboratory 
or industrially by the action of bleaching powder or chlorine and alkali 
on ethanol or acetone . The yield is about 40 per cent but the reaction 
is extremely complicated and the mechanism is obscure. Probably 
Available chlorine in bleaching powder first oxidises ethanol U> 
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Acetaldehyde which is then chlorinated to trichloro-acetaldchyde or 
chloral. Chloral reacts with free lime (present in bleaching powder) 
4o give chloroform and calcium formate. 


CH.CH.OH 
Ethanol 

/°1 

C <c 

Lime 


H 

ecu 

H 

CC1, 


O Cl. 

—► CH.CHO —► 
Acetaldehyde 
J CHO 

—► 

CHO 


Chloral 
(2 molecules ) 


COgCHO 

Chloral 

HCOCL 

2CHCI, + yCa 

Chloroform HCOO' 

Calcium formate 


Similarly with acetone, trichloroacetone first obtained react! 
with lime to give chloroform and calcium acetate. 


/° I 

C&' 

N) 

Lime 


H 

ecu 

+ 

H 

CCl, 


COCH. 


—► 2CHC1, + 


(2 molecules ) 


CH.COCL 

CH.COCK 
Calcium acetate 


(2) Chloroform is also prepared industrially : 

(») By the chlorination of methane . (See under methyl chloride, 

page 2*99). 

(») By the partial reduction of carbon tetrachloride with iron 
filings and water. 

CCU + 2[H] -► CHCl a + HC1 

Carbon Chloroform 

tetrachloride 


Chloroform manufactured by these methods is used for solvent 
purposes as it is not of the purity needed for its use as an anaesthetic. 

(3) Pore chloroform may be prepared by distilling chloral 
hydrate with the concentrated aqueous solution of caustic soda or 
caustic potash. 

HiONa 

CClg CH(OH), + NaOH -► CHC1, + HCOONa + H.O 
Chloral hydrate Chloroform Sod, formate 

18. Properties of Chloroform.— 

Physical. Chloroform is a colourless, mobile liquid (b.p. 
333K) with sweet sickly odour and taste. It is sparingly soluble in 
water, but readily soluble in ether. Chloroform itself is a 
solvent for oils, fats, waxes and resins Its vapours cause un¬ 
consciousness. Under usual conditions, chloroform does not bum 
in air, but its vapours may be ignited when it burns with a green- 
edged flame. 

Chemical: (i) Oxidation. In the presence of air and sun¬ 
light it is slowly oxidised to carbonyl chloride or phosgene 
(dangerously poisonous). 

Air and light 

2CHC1. + O,-► 2COC1, + 2HC1 

Chloroform Phosgene 

Ri pw oxygen 

4CHC1, + 30, -- 4COCI, + 2C1, + 2H.O 
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(ri) Reduction. Chloroform on reduction with zinc and 
hydrogen chloride in ethanolic solution (acidic medium) gives 
methylene chloride, CH B C1 Z . Methane is obtained on reduction of 
chloroform with zinc and water (neutral medium). 

Zn/HCl 

CHC1, -► CHaCl. 

in C|H t OH 
Zn/H.O 

CHC1.-► CH 4 

(Hi) Chlorination. On further chlorination it yields carbon 
tetrachloride, CC1 4 . 


CHC1,+ C1 £ -► CC1 4 + HC1 

(tv) Hydrolysis. When boiled with concentrated aqueous or 
ethanolic alkali, chloroform is hydrolysed to formic acid. 



CJ 

K 

|OH —3KC1 

/°f H 

Cl 

4- K 

OH-► 

HC—IOH 

Cl 

K 

OH 

\x 

Jo 

/ 


Chloroform 


( Unstable ) 


—H.O KOH 

-► HC< — 


' n oh 

Formic acid 


,o 

HC N»k 

Pot. format. 


H,0 

or CHCl 3 +4KOH-* 3KC1+HCOOK+2H.O 

The mechanism proposed for hydrolysis involves the inter¬ 
mediate formation of dichloromethylene, : CCl a . 

CHCl a + OH- ** ; CC1 3 “ + H a O 
: CC1 3 - "► : CCl a + Cl- 
oh- 

: CCl 2 -► HCOO-+2C1- 

H|0 

(v) Nitration. When treated with concentrated nitric acid, 
chloroform gives chloropicrin , a liquid (b.p. 385K) used as an insec¬ 
ticide and war gas. 

C1,C |H + HO |NO a -► Gl a G.NO a + H a O 

Chloroform Nitnc acid Chloropicrin 

(vt) Garbylamine reaction. With a primary amine and 
alcoholic potash, chloroform gives an offensive smell of carbylamine. 

C - H » N f H i + CljH IC4-3KOH —► C|H|NC + 3KC1+3H.O 

Aniline Chloroform ( Alcoholic ) Phenyl isocyanide 


It has been suggested that the reaction proceeds via the inter¬ 
mediate formation of dichloromethylene (see under hydrolysis). 


—H + 


R NH a + :CCl a ► R NH a —CCl a — 


—Cl’ .. - —ci- 

R N H—CCl a -► R N=CC1-► RN^C 

—H+ 

(v«) Heating with silver powder. Acetylene is obtained 
when chloroform is wanned with silver powder. 

2CHCU + 6Ag —► CHmCH + 6AgCl 
Chloroform Acetylene 
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(viii) With acetone. In the presence of potassium hydroxide 
chloroform adds on to the carbonyl group of ketones, e,g ., with ace¬ 
tone it gives chloretone (colourless needle-shaped crystals— m.p. 
370K) used in medicine. 

CH,^ KOH 

O+CHCl, -► 

ch/ 

19. Tests. —The following properties of chloroform can be 
used as tests : 

(i) Characteristic sweet sickly odour. 

(«) CarbylamtTie reaction , as given above, serves as a delicate 
test for chloroform. 

(iii) Pure chloroform does not give any precipitate with silver 
nitrate. Thus purity of chloroform needed For anaesthetic purposes 
is tested with silver nitrate. 

20. Uses. —Chloroform finds use : 

(i) As an anaesthetic. 

(ii) As industrial solvent for fats, waxes, resins, rubber, etc. 

(sit) As laboratory reagent and in medicine. 

(tv) As preservative for anatomical specimens. 

(v) As a flavouring agent. 

21. Chloroform as an Anaesthetic. —Chloroform is exten¬ 
sively employed in surgery as an anaesthetic. Its anaesthetic power 
was discovered and applied by Simpson in 1847. Owing to its bad 
effect on the heart, chloroform is being replaced by better anaesthe¬ 
tics such as ether, ethylene and ethylene chloride. Anaesthetic 
chloroform must possess a high degree of purity. In the presence 
of air and light, chloroform slowly forms phosgene which is extre¬ 
mely poisonous. 

Air and light 

2CHC1.+0,-► 2COCI.+2HC1 

Precautions are, therefore, taken in storage of chloroform 
needed for hospital use. For example, 

(i) It is stored in dark-brown' or blue bottles kept in dark 
rooms. 

(n) The bottles are filled up to brim and well stoppered to 
exclude air. 

(its) About 1 % of ethanol is added but its function is not quite 
clear. According to some authors it retards oxidation while others 
believe it combines with phsogene to give nOn-toxic ethyl carbonate. 

COC1, + 2CJ1.0H —*> CO(OC,H,)t + 2HC1 

Phosgene Ethanol Ethyl carbonate 


CH 1Xc /° H 

ch,/ Nrci, 
Chloretone 
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22. Iodoform, Tri-iodomethane, CHI a .— 

Preparation, (i) Laboratory Method. Iodoform is pre¬ 
pared in the laboratory by the action of iodine on sodium carbo¬ 
nate solution containing ethanol or acetone. 

( 1 ) With ethanol : 

C,H B OH+4I l +3Na a CO > —► CHI,+5NaI+HCOONa+3CO.+2H.O 

Ethanol Iodoform Sod. formate 


(2) With acetone : 

CH 1 .CO.CH l +3I a +2Na l CO| —► CHI.+SNal+CH^OONa+ZCO.+HiO 
Acetone Iodoform Sod. acetate 


Mechanism of the reaction is not exactly known. It is prob¬ 
ably similar to that of the preparation of chloroform. 

Expt. To a solution of 10 g sodium carbonate in 50 ml of water in a 
dish is added 5 ml of ethanol. This is wanned to 333K on a water bath and 
5 g of iodine is gradually added till a permanent reddish tinge is obtained. A 
few drops of caustic soda are added to discharge the colour. Yellow crystals of 
iodoform separate. These are filtered, washed with water and recrystallized 
from alcohol. 

(it) Manufacture. It is prepared on an industrial scale by 
electrolysis of an aqueous solution of ethanol or acetone containing 
sodium carbonate and sodium or potassium iodide. Ethanol gives a 
better yield of iodoform than acetone. The solution is maintained at 
333-343K and a current of carbon dioxide is passed in to neutralize 
the sodium hydroxide produced as a result of electrolysis. Iodine 
and sodium carbonate obtained during electrolysis react with ethanol 
or acetone as given above to give iodoform. 

Properties of Iodoform. 

Physical. It is a pale-yellow solid which crystallizes in hexa¬ 
gonal plates (m.p. 3B8K) with characteristic unpleasant odour. It 
is insoluble in water but readily soluble in ethanol and ether. Iodo¬ 
form is used as an antiseptic but its antiseptic properties are due to 
liberation of free iodine and not to iodolorm itself. 

Chemical. Iodoform resembles chloroform in its chemical 
behaviour but it is less stable than the latter. For example, 

(i) Stability. On heating iodoform decomposes to give iodine 
vapour. Similarly moisture, air and light liberate free iodine. 

(n) Redaction. Iodoform on reduction with phosphorus and 
hydriodic acid yields methylene iodide, CIi 2 I 8 . 


CHI a +2[H] -*€H a I*+2HI 

{iii) Hydrolysis. On boiling with alcoholic potash, iodoform 
gives potassium formate by hydrolysis. 

H<$J 

v OH 
{Unstable) 

,0 


HC^j, 


+ 

+ 

+ 


OH —3KI 

OH-> 

OH 


—H.O 


/° 

H-C-OH 
Formic acid 


KOH 


H—O-OK 
Pot. formato 
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(tv) Carbylamine reaction. With a primary amine and alco¬ 
holic potash, it gives an offensive smell of carbylamine (c/. CHCl a .) 

(v) With silver nitrate. Iodoform gives a yellow precipitate 
of silver iodide when heated with silver nitrate , showing its instability 
(r/. GHClg which gives no surh preripitate). This is due to the 
instability of (J—1 bond in comparison to C —Cl bond. 

(v?) Heating with silver powder. Iodoform, when heated 
with silver powder, yields acetylene. 

CHllj-r 6Ag_H 3[ CH —* CH=CH + 6Agl 
Acetylene 

Uses. Iodoform is used as an antiseptic but the antiseptic 
action is due to the iodine that it liberates and not due to iodoiorm 
as such. Due to its objectionable smell, it has been gradually 
replaced by the othei preparations containing iodine. 

TETRAHALOGEN DERIVATIVES 

23. Carbon Tetrachloride, Tetrachloromethane, CC1 4 .— 

Preparation. Carbon tetrachloride is prepared industrially : 

(i) By the action of chlorine cm carbon disulphide in the presence 
of aluminium chloride as a catalyst. 

AlCl. 

CS t + 3Cl a -► CC1 4 + S.Ci, 

Carbon Carbon Sulphur 

disulphide tetrachloride monochloride 

Carbon tetrachloride is freed from sulphur monochloride by 
fractional distillation. It is then washed with sodium hydroxide 
solution and distilled. 

(ii) By the chlorination of methane (see under methyl chloride). 

CH 4 +4Cl a CC1«+ 4HC1 

Properties of Carbon Tetrachloride. 

Physical. Carbon tetrachloride is a colourless heavy liquid 
(b.p. 350K) with a sickly odour. It is insoluble in water but readily 
soluble in ethanol and ether. Its vapours being non-inflammable, 
carbon tetrachloride is extensively used as an industrial solvent for 
fats, oils, resins, lacquers, etc., and as a fire extinguisher under the 
name Pyrene. 

Chemical, (i) Stability. Carbon tetrachloride is stable at 
red heat (775K) but when its vapours come in contact with water 
vapour at this temperature some phosgene is formed. 

CCI*+H*0 —► COCl,+2HCl 

Hence precautions should be taken while using pyrene as fire 
extinguish err. The room should be well ventilated after the fire is 
extinguished. 

(it) Reduction. Carbon tetrachloride gives chloroform when 
reduced with moist iron filings. 

Cd f +2[H] —► CHCh+HCI 

(iii) Hydrolysis. It is hydrolysed with hot ethanolic alkali to 
give potassium chloride and potassium carbonate. 

+41COH —2H|0 KOH 

CC1| "™" '** C(OH) 4 " '■ 1 > CO, " ■ ■■ K,CO, 

—4KC1 
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Uses, (t) Industrial solvent. 

( 11 ) In dry-cleaning. 

(in) As a fire existinguisher under the name Pyrene. 
UNSATURATED HALOGEN COMPOUNDS 


24. Vinyl Chloride, Chloroethene, CH a =CHCl.— 
Preparation, (i) Vinyl chloride, %8 conveniently prepared in the 
laboratory by the action of dilute ethanohe potash on ethylene chloride . 
CH.C1 CHCl 

+ KOH —* II + KC1 -I- H a O 
CH,C1 ale CH. 

f) It can hr manufactured— 

(a) By passing acetylene into dilute hydrochloric acid at 340K in 
the presence of Hg 2¥ ion* (catalyst). 


CH Hg i+ CHCI 

|) 4- HC1 |i 

CH CH, 


( 6 ) By thermal decomposition of ethylene chloride at 870-920K. 
CH.CT CHCl 

I —*11 + HC1 

C H.C1 CH, 

Properties and Uses. It is a colourless gas which liquefies 
at -20IK. 


The halogen atom in vinyl chloride is not reactive. Thus it 
does not undergo thr usual double decomposition reactions of the 
alkyl halides and docs not foim Gngnard reagent. 

The non-reactivity of the chlorine atom in vinyl chloride may 
be explained as follows : 

If the cnlorine atom has sp 2 hybridisation, the C—Cl bond 
will be a e-bond and the two lone pairs of electrons will occupy the 
other two sp 2 hybrid oibitals. This would leave a p-orbital contain¬ 
ing a lone pair, and this oibital could now conjugate with k bond of 
the ethylenic linkage (Fig. 17T). 


9 9 0 

CUg — CH — Cl -*- CHg — CH — a 

ft ft ft c. ,v •" " ,r ?s s» 

CH-Cl —— CH — CH=Cl 

I II 

Fig. 17 1 

Owing to delocalisation of bonds (through conjugation), vinyl 
chloride molecule has an increased stability. Before the chlorine 
atom can be displaced by some other groups, the lone pair must be 
localised again on the chlorine atom. This requnes energy and so 
the chlorine is more firmly bound than had no conjugation occurred^ 

In terms of Valency Bond Approach vinyl chloride is a reson¬ 
ance hybrid of two structures I and II (Fig. 17’1). In II chlorine “l 
joined to carbon by a double bond and bean a positive chargej 
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while carbon of CH* group carries a negative charge. Vinyl chloride 
ia, therefore, stabilised due to resonance. The low reactivity of vinyl 
chloride towards nucleophilic substitution is due to the following 
factors : 

(i) Carbon-chlorine bond has some double bond character 
and is, therefore, stronger than a pure single bond. 

(it) Carbon atom is ^-hybridised and the bond to chlorine 
is shorter (=1*69A) and stronger than in alkyl halides (C—Cl length 
«r77*l'80A) where carbon is sp a -hybridiscd. The vinyl halide 
molecule is, therefore, more stable. 

(iii) Vinyl chloride is resonance stabilised. This stabilisation 
creases the Eaci for displacement and thus slows down the reaction. 

It, however, gives the usual addition reactions of the double 
bond, e.g. s it gives addition compounds with halogens and halogen 
acids. 


During clectrophilii addition of H+ to an olefin and CHj^CHCl a 
carbecation is obtained. Just as electron release by alkyl groups disperses 
the positive charge and stabilises a carbocation (the order of stability being 
3°>2°>1°), an electron withdrawal by chlorine intensifies the positive charge 

$ 

and destabilises the carbocation, CH,—CH a Cl. Vinyl chloride is, therefore, 
less reactive as compared to ethylene. 

Vinyl halide being very unreactive can be dehydrohalogenated 
only under vigorous conditions—use of a stronger base. 

NaNH, 

CH,«CHCl-* HCoCH 

— HQ 

It is used in the manufacture of plastics. 

25. Allyl Halides, 3-Halogenopropene, CH^CH.CH^X.- 

Allyl Chloride, CH 2 =CH.CH 2 C1. (b.p. 328K). It is prepar¬ 
ed industrially by chlorination of propenc at high temperature (see 
Alkenes). In the laboratory it may be prepared by warming 
allyl alcohol with hydrochloric acid. 

CH l «CH.CH s OH+HCL->CH a ==CH,CH a Cl+H l O 

The reactivity of allyl alcohol is more characteristic of a terti¬ 
ary alcohol than a primary alcohol. This may be explained by an 
Sn i mechanism operating because of the stability of allyl cation as 
explained on the next page. 

Allyl bromide, CH a =CH.CH a Br (b.p. 343K). It is prepared 
In the laboratory by distilling allyl alcohol with 48% HBr in pretence 
of sulphuric acid. 

CH.a-CH.CHiOH+HBr —► CH,-CH.CH,Bf+H l O 

Allyl Iodide, 3-lodo-l-propene, CH a «CH.CH^I. 

Preparation. Allyl iodide may be prepared bv heating 
glycerol with small amount of hydriodic acid. 
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CH a OH 

C^HOH 

cIh.oh 

Glycerol 


HI 


CH.I 

CH, 

T -i. 

P 

CHI -- 

CH 

Ah.i 

cIh.I 

Unstable 

Allyl 

tri-iodidc 

iodide 


Properties and Usee. It is a colourless liquid (b.p. 373'IK) 
baring a garlic odour. 

The halogen atom in allyl halides is more reactive than in 
alkyl halides. So it gives the usual replacement reactions, e.p., 

CH t ~CH.CH,I + KOH-► CH.-CH.CH.OH + KI 

Allyl iodide ( aqueous ) Allyl alcohol 

Properties of allyl chloride are similar to those of allyl iodide 
and the chlorine atom in allyl chloride is highly reactive. The usual 
reactivity of the halogen atom may be explained as follows : 


If chlorine were to ionise the carbon atom to which it was- 
attached now has a positive charge and has only six electrons. Hence 
the rc-bond covering the other two carbon atoms can extend to em¬ 
brace this third carbon atom by delocalisation of electrons. The net 
result is a molecular orbital covering three carbon atoms and so the 
delocalisation energy will be increased, i.e ., the new arrangement is 
stabilised and behaves as if the chlorine atom is ionic (Fig. 1 7'2) 


CH—CH—CH—Cl 


ai(-cn~CK.) a ' 




W/tia' ■ 1 ,=-> j , 

CH—CH-C&jcr 

Fig. 17’2, 

In terms of the valency bond approach, the reactivity of 
chlorine atom » due to its ionization. The reason for the ease of 
ionization is the considerable stabilisation of the carbocation due 
to its forming a resonance hybrid, 

CH.-CH—CH,C1—► [CH.=CH—-.CH,—CH =■ CH,] + C1‘ 
The allyl halides add on halogen acids to give a mixture of the 
J, 2- and 1, 3- dihalides. Addition of HBr to allyl bromide has been 
studied in detail. 


CH i «CH.CH I Br+HBr^-*CH I Br.CH s .CH,Br+CH i .CHBr.CH 1 Br 
1, 3-di bromide 1, 2-dibromide 

In the presence of peroxides 1,3-dibromide is obtained in 
90% yield whereas in absence of peroxides 1,2-dibromide is obtain¬ 
ed in 90% yield. 

It is suggested that 1, 3-dibromide is formed by a free-radical 
mechanism whereas mechanism for the formation of 1, 2-dibromide 
is polar. This can be explained in terms of hyperconjugation (see 
page 1101 ), 
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26, Some Commerically known HsUogen Derivatives. 

(i) Westron or Acetylene tetrachloride. It is prepared by passing a mixture 
of acetylene and chlorine into chambers containing iron filings and kieselguhr. 

CHnCH-f-2Cl a -►CHCJ.— CHC1. 

Westron 

It is a colourless, non-inflammable heavy liquid (b.p. 419K) used com¬ 
mercially as a solvent for oils, paints, varnishes, rubber, etc. 

(i7) Westrosol or Trichloroethylene. It is prepared by passing westron 
over heated barium chloride ( catalyst ) 

BaCl| 

CHCi.— chci. -► CHci*ca, + hcj 

Westron Westrosol 

It is a colourless, non-inflammable liquid (b.p. 361-363K), smelling like 
chloroform. It is less toxic, more stable and better industrial solvent than 
westron. 

(fiO Freon or Dichlorodifluoromethane, CCI.F.. Freon is prepared by the 
action of antimony fluoride on carbon tetrachloride in the presence of antimony 
pcntachlonde (catalyst). 

SbCl. 

3CCl 4 +2SbF. -* 3CC[ t F t +2SbC\ t 

Freon 

It is a colourless, non-toxic and non-inflammable gas (b.p. 244 K) widely 
used in electrical refrigerators and air-conditioning plants. 

27. Kinetics of Nucleophilic Aliphatic Substitution.— 

Hydrolysis of alkyl halides yields alcohols. 

HO" + R - X -►HO—R+X- 

Investigation of the kinetics of such reactions has shown that 
these are essentially of two types : 

(?) Those in which rate of reaction is given by the relation : 

Rate x [RX][OH ] ...(1) 

These are termed Second order reactions or Bimolccular 
reactions. 

(ti) Those in which rate of reaction is independent of 
[OH-], t.e.. 

Rate oc [RX] ...(2) 

These are termed First order reactions or Unimolecular 
reactions. 

In many cases the kinetics are mixed, t.e., these reactions 
show both types of late laws simultaneously. 

Relation of Kinetics to Mechanism. It was found that 
hydrolysis of methyl bromide by aqueous alkali is a second order 
reaction, t.e., it proceeds according to Eqn, (1) and both CH 3 Br and 
OH" participate in the rate determining step (rds). Mechanism 
of this reaction involving the formation of a transition state as 
intermediate has been discussed at length on page 1151. It is accom¬ 
panied by inversion of configuration termed Walden Inversion. 
This is termed Sn 2 mechanism standing for Substitution Nucleo¬ 
philic bimolecular. 
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On the other hand hydrolysis of (erf-butyl chloride with J 
aqueous alkali has been found to be first order reaction following 
Eqn. (2) kinetically, t.s., the rate is independent of [OH - ]. In other 
words, [OH - ] does not play any part in the rds. The following 
mechanism has been suggested for this. 


Cl 

Me' 


.'Me 


fUJ* 


AS —< “ftS 


J>J6 


ye—OH 


This type of mechnism is termed SnI standing for Substitu* 
tion Nucleophilic unimolecular. 

The energy needed for ionisation is largely supplied by energy 
released during solvation of ions produced. The carbocation 
formed has a planar state in which three methyl groups are as far 
apart as possible. Attack by the nucleophile OH~ mav be from 
either side. The product may or may not be accompanied by 
inversion of configuration 


During hydrolysis of an optically active alk>l halide, since 
the nucleophile can attack either face of the carbocation formed 
as intermediate product two enantiomers will be obtained, probably 
in equal amounts. As such the product obtained should be a 
racemic mixture. However, in actual practice racemisation does 
not take place. 


Tt is suggested that the nucleophilic species atLack the carbo¬ 
cation even before the leaving group ^N ) has moved sufficiently 
awav. As such the nucleophile attacks only from the back side, 
the from side being shielded by the departing halide ion. Asa 
result of it, product with inverted configuration obtained by the 
nucleophilic attack from the back side predominates. In other 
words, the product obtained is only paitially racemised. This view 
has been confirmed by the paitially racemised product obtained by 
hydrolysis of ( — )2-bromooctanc with dilute alkali 



/V*BT 

H—C —on -HK?— C—H 

/ \ 

CB, Ctt, 


( —)-2-bromo 
octane 


( —) form 

Configuration 

retained 

(Less Favourable) 


(f) Form 
Inversion has 
taken place 
(More Favouiahle> 


TOCMI—P83-8 
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Rearrangement! in S N 1 Aetctlom. Since 5n1 reactions 
involve the formation of a cartfo cation as an intermediate, the 
['cvbocAtion may undergo rearrangement to form a more stable 
carbocation. The final prckhict in such cases will be different 
from the expected one. For example, 2-bromo-3-methylbutane on 
hydrolysis gives 2-methyl-2-butanol. 

CH, H CH, H 

I | — Br” | | Rearrangement 

CH.—C-C—CH.-►CH 3 - C-C—CH.-► 

II | 0 (Hydride shift) 

H Br H 

2^bromo-3-methyl- 3-methyl-2-butyl cation 

butane (2° carbocation) 

CH- H CH- H 


2^bromo-3-methyU 

butane 


CH 3 -C-C—CH.->CH 3 —C-C- CH, 


2-nwthyl-2-butyl cation 
[3° Carbocation (more stable )] 


OH H 

2-metbyl-2-butanol 


No such rearrangement occurs in Sn 2 reactions since these do 
Slot involve intermediate carbocations. 


Reactivities of Alkyl Halides in S N 1 and S N 2 Reactions. 

As explained on page 1 14B i elative reactivities of alkyl halides involv¬ 
ed in Sn 1 reactions, based on the stabilities of carbocations formed 

by them are : 

Benzyl halides, Ally! halides>Tertiary halide > Secondary 
halides>Primary halidcs> Methyl halides. 

Reactivities of alkyl halides in S N 2 substitution is governed 
i>y. steric factors—the bulkier the group, less reaitive it is. Methyl 
halides>Primary halides>Secondary halides>Tertiary halides. 

Factors influencing Mechanism. We have learnt that in 
general primary alkyl halides follow S N 2 mechanism whereas tertiary 
alkyl halides react by S N 1 mechanism. Secondary alkyl halides may 
sometimes undergo both but ixcept in very polar solvents, ,Sn2 
predominates. In addition to the nature of the alkyl halides 
(Subtrates) various other factors which influence the mechanism of 
nucleophilic substitution are : 

(0 Nature of alkyl groups in the alkyl halide. Bulkier R 
groups favour Sul over Sn 2. Since it is difficult for the nucleo¬ 
phile to get to the reactive L >+ , the aikyl halide is more likely to 
ionize before Sn2 attack can take place, 

(ti) Nature of the nucleophilic reagent. Strong nucleophilic 
reagents (e.p., OH and OR) favour S N 2 mechanism as these are 
powerful enough to push out the halide ion. Weak nuJeophilic 
reagents (e g., H 2 0, ROH> favour S N | mechanism since these can 
attack the carbocation already formed, with comparative ease. 
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(m) Concentration of nucleophilic reagent. Higher con¬ 
centrations favour S n 2 mechanism whereas lower concentrations 
favour S N 1 mechanism. 

(iv) Nature of Solvent. Polar and protic solvents favour 
SnI mechanism since these help ionisation of alkyl halide by 
solvating R + and X“ ions. Protic solvents (those rapable of furnish¬ 
ing hydrogen ions, H+ for hydrogen bonding) are very good at 
solvating X” ions. 

In the case of Sn 2 mechanism the transition state is less polar 
than the reactants. Polar solvent can solvate the reactants more 
effectively than the transition state. As such, polar solvents slow 
down slightly the rate of the Sn 2 reaction. 

In short, polar solvents favour SnI mechanism whereas non¬ 
polar solvents favour Sn 2 mechanism. 

(v) The use of electrophilic catalysts. Lewis acids such 
as H% Ag + , Hg z+ , ZnCI 2 and A1C1 3 favour S N 1 over S n 2 because 
these catalysts ac.ept electrons from the leaving group (: X“) and 
thus provide some sort of electrophilic pull which helps ionization 
R-X. 

Comparative Survey of S N 1 and S N 2 Reactions. Dis¬ 
tinguishing featuies of the two mechanisms are summarised below : 

S N 1 reactions S N 2 reactions 


1. These are first order reactions. 

2. The nucleophile can attack from 
the back side as well as from the 
front side, although the former 
predominates. 

3. Partial racemisation occurs in case 
of optically active alkyl halides. 

4. Reaction rate determined solely by 
electronic factors. 

5. The order of activities or alkyl 
halides is : 

Benzyl, allyl>3°>2° >1 B >CH,X 

6. Favoured by the presence of 
bulkier alkyl group in RX 

7. Rearrangement is possible. 

8. Favoured by mild nucleophilic 
reagents. 

9. Favoured by lower concentrations 
of the nucleophilic reagents. 

10. Favoured by polar solvents. 

11. Favoured by the presence of elec¬ 
trophilic catalysts. 


These are second order reactions. 
The nucleophile can attack only 
from the back side. 


W I den inversion takes placfc. 

Reaction rate determined by stcric 
factors. 

The order of activities is : 

CH b X> 1°>2°>3 0 halides 

Favoured by the presence of fewer 
and simpler R groups- 

Rearrangement is not possible. 

Favoured by strong nucleophilic 
reagents. 

Favoured by higher concentrations 
of the nucleophilic reagents. 

Favoured by non-polar solvents 
or those of low polarity. 

Favoured by absence of electro¬ 
philic catalysts. 


28. Kinetics of Elimination Reactions. —Reactions in¬ 
volving removal of two groups from a molecule without being 
replaced by other groups are termed Elimination reactions . In 
majority of these reactions the two groups are lost from adjacent 
carbon atoms. One of the groups eliminated is generally a proton 
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and the other a nucleophile, resulting in the formation of a multiple 
bond. 

IM* -H+ 

H—C-C—Nu —► >C = G< 

I —Nu~ 

Some familiar exa m pies of elimination reactions are 

({) Base-induced dehydrohalogenation of alkyl halides . 

OH 

RCH a .CH 2 X-*RCH=CH 2 + H 2 0+X- 

(ii) Acid-catalysed dehydration of alcohols. 

H+ 

rch 2 .ch,oh-►rch=ch 2 +h 3 o+ 

The carbon atom losing Nu“ is termed a-carbon atom and 
the other losing a proton is referred to as the p-carbon. The over¬ 
all process of elimination is known as p-elimination. 

Elimination reactions take place either by a unimolecular (El) 
mechanism or a bimolerular (E2) mechanism. These have been 
discussed in detail on page 1'153. 

E2 eliminations arc stereospccific trans eliminations. In 
such eliminations it is considered necessary that the attacking atom 
of the base, hydrogen to be eliminated as proton, the two carbon 
atoms (C B , Cp ) and the leaving group should all be coplanar in 
the intermediate transition slate (sec page 1155). 

Factors favouring El over E2. 

(i) Presence of alkyl groupon the a-C or p C of the alkyl 
halides. Presence of these groups stabilises the El carbocation 
intermediate. Thus the order of ease of El elimination is : 

3 J > 2° > 1° 

In fa« t onlv tcrLiary alkyl halides give extensive El 
elimination. 

(tij Good having groups. The better the leaving group, the 
more likelihood of El elimination. The halides arranged in the 
order of decreasing leaving ability are : 

—I > - Br > -Cl > -F 

(tit) Wfalc. Dilute bases . Strong, conientr*led bases tend to 
attack a p-H atom giving E2 elimination before El ionization Can 
take plate to give carboiation intermediate. 

(iv) Polar solvents. Polar solvents ran solvate t lie ions more 
strongly and thus stabilise them. Thus they encourage El ioniza¬ 
tion. 

29. Elimination vs. Substitution. —In both El and 
S V J reactions of an alkyl halide with OH“ the intermediate step 
is the formation of a carbocation which is then attacked rapidly by 
OH". In El reaction OH- acts as a base (electron pair donor 
toward* hydrogen) and abstract? a proton from a -carbon atom 
to yirld an alkcne. In S N 1 reactions OH" acts as a nucleophile 

(an electron pair donor towards carbon) and the overall result il 
the formation of a substitution product. 
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Me f C —rt« 
TEXT. BUTYL 
CHLORIDE 


* 

+~}is a C 

CWfe»- 

CfiTtON 

■KT 




■IS **—OH 

TJMT EBTYL 

MSsta 


(El) 

0 VJ 


Conditions which favour SnI reactions will lead to El reac¬ 
tions also. The ratio of the two products obtained has been found 
to be fairly cons ’ant for a given alkyl group, no matter which 
halogen atom is lost. 

Branching at the $-carbon atom tends to favour El-dim{nation , 
the reason being partly steric. The more branchrd the alkyl 
haiide, the more ciowding is released during the formation of carb>'- 
cation intermediate. During S N 1 n action crowding is reintro* 
duced with the energy of the nucleophile. Hence substitution is 
less favoured. By contrast loss of a proton during El reaction 
results in further leliefof stiain. Hence elimination is prefencd 
more. Hyperconjugation which stabilises an alkene also favouis 
El reaction. 

Elimination has normally higher activation energy and is, 
therefore , favoured at higher tern per uture. 

In bimolecular reactions also increasing alkyl substitution 
fat ours elimination at the expense of substitution. This is because 
S n 2 is retaided on account of the overciowdmg in the transition 
state which leads to substitution. By contrast E2 is favoured by 
increasing alkyl substitution became of the hypcrconjugati\e stabi¬ 
lisation of the incipient alkene in the alternative transition state 
leading to elimination. 

Other factors which tend to favour E2 reactions over the 
S n 2 reactions are ; 

(i) Use of strong bases at higher concentrations. 

(it) Use of non-polar solvents. 

(iii) High temperature. 

We can summarize by saying that the ratio E S N i* highest 

for : 

(t) Nature of the alkyl halide. 

3° > 2° > 1° 

(ti) Strong and concentrated bases attacking alkyl halide , fi.gr., 
NHr and OH" 

(m) Solvent of low polarity f c.g. t alcoholic KOH brings about 
elimination and aqueous KOH is used 0>r substitution. 

(h>) High temperatures. 
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QUESTIONS 

Es«f Tm: 

L Describe lie most important reactions of alkyl halides and illustrate 
with examples how they are used in synthetic chemistry. 

X. (a) How would you prepare a pure sample of ethyl bromide in the 
laboratory t 

ib) What reagents and conditions would be used to convert ethyl bromide 
into (0 ethyl alcohol, (<i) ethane, (Ml) nitromethare, and (/v) ethylamine 7 

[Delhi B.Se. 1976 Supp .) 

3. (a) How would you obtain a pure sample of ethyl iodide in the 

laboratory ? How can it be converted into (i) propionic acid, and (tf) ethyl 
acetate ? [Delhi B.Se. Hons. Sub. 1976) 

(6) Give balanced equalions for the reactions of ethyl iodide with each of 
the following reagents: 

(0 Silver nitrite, (M) Sodium ethoxide, 

(Mi) Sodium hydrogen sulphide, (iv) alcoholic ammonia. 

(Delhi B.Se. 1976) 

(c) How does ethyl iodide react with KOH in (i) aqueous solution, 

(M) alcoholic solution ? {Delhi B.Se. 1976) 

4. Describe the preparation of chloroform, ^hat precautions must 
be observed in storing chloroform for use as an anaesthetic ? 

What happens when chloroform is— 

(0 oxidised in air and sunlight. 

(if) reduced with Zinc and HG1. 

(M/> boiled with KOH. 

(/v) warmed with aniline and alcoholic KOH 7 

(Delhi B.Se. Hons. Sub. 1976 ; Jabalpur B.Se. 1976 ; Delhi 1976) 

5. How are the following substances prepared : 

(a) Freon, (6) Westrosol, 

(c) Westron, and ( d ) Iodoform. 

Give their uses. 

6. Prepare the following : 

(0 Allyl chloride from allyl alcohol and vice versa . 

(ij) Ethyl iodide from ethyl chloride. 

(WO n-Butanc from sec. butyl iodide. 

(/y) n-propyl bromide from isopropyl chloride, 

(v) Isopropyl bromide from n-propyl chloride. 

7. How do you account for the activity or inactivity of the halogen atom 
in the following compounds: 

(0 Ally] chloride. (M) Vinyl chloride 7 

(Drlhi B.Se . 1976 ; &N.C. 1977) 

8. Give the mechanism, stereochemistry and kinetics of £2 and El 

reaci'or in alkyl halides. (Guru Nanuk Dev B.Se. 1977 ) 

(a) Alkaline hydrolysis of tertiary butvl bromide and methyl bromide 
are order and second order reactions respectively. Keeping in view this 
fact, si gest mechanisms for these reactions along wjih provable transition states. 

b) Why do alkyl halides show nucleophilic substitution rather than 
electrophilic substitution 7 (G.N.D. B.Se. I97S) 

10. Prove that hydrolysis of ten. butyl bromide is an S N 1 reaction. 

(B.N.C, B.Sr, 1976) 

J1. Give the mechanism, stereochemistry and kinetics of Sul and 
reactions for the hydrolysis of alkyl halides. (G.N.D. JtSc. 1976) 

IX Disctias in detail the mechanism of the following : 

8*1 andS *2 reactions *- 
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13. Discuss Ilk* kisetks W nucleophilic substitutions involving alkjl 
hftlldet with special reference to : <0 Rate of reaction, (lr) S N 1 reaction iMinhn 
ohm, (Hi) S n 2 reaction mechanism. (Pw t)cb BSe. 1976} 

E. Short Answer Typo : 


U0 1, 

(iv) NeopentyK 
(v/) sec. butyl 


3. 

4 .. 


(« (CHa) v GQ a . 

(if) CHtBr.CHa.GHaBr. 


(a) Write structural formulae for : 

(/) 2-Chloro~3~Methylbutanc. 

(HO 3-Chk>ro-l-iodo hexane. 

(r) Uobulyl bromide. 

(rtf) «a»*DRKromopentane. 

Name the following: 

<0 (CH l ) t .CBr. 

(«0 CHa.CHBr.CHtBr. 

How do you explain the high reactivity of alkyl halides T 

(Delhi B.Sc. 1977} 

The reactivity order of the following compounds it as follows : 

k Tertiary alkyl bromide > Secondary alkyl bromide > Primary alkyl 
bromide. Explain why. (Delhi B.Se. 1977) 

5. How does chloroform react with the following : 

(0 Acetone, (//) Nitric acid ? (Delhi B.Sc. 1971} 

... *• Ojvc chemical tests to distinguish between ethylene chloride and 
ctnylidene chloride. {Delhi B.Sc. 1976 ; B.Sc. Hons. Sub. 1977} 

tun run m S ion °l KOH on (/) CH.Cl, («) CH.CV 

Cm/) CHCl if (/r) C0 4 . Name the final product in each case, 

(Delhi B.Sc. Hons. Sub. 1976% 
Give reactions showing how the following can dc obtained from 


8 . 


1 -bromopropanc : 


(/) propylene, (M) propanol, (iii) nitropropane, (iV) butanoic acid. 
a (Delhi B.Sc. Hons, Sub. 1976} 

v. Give addition and substitution reactions of propane with chlorine* 
Name the mechanism involved. (Delhi B.Sc. 1976 > 


10. Explain briefly why chlorine atom in vinyl chloride is not reactive. 

(Delhi B.Sc. Hans. 1976} 

11. /-Butyl chloride reuwis with sodium hydroxide solution by Sul 
mechanism while ft-butyl chloride reacts by the S N 2 mechanism. Explain, why ? 

(Kerala B.Sc. 1971} 

12. Give one example where hydrolysis of alkyl halide proceeds acoontiw 
to unimotecular (S M 1) mechanism and one example where it follows bimoleculav 

(S N 2) mechanism. (Punjabi B.Sc. 1976 Sapp.} 

13* Give suitable explanations for the following : 

(/) 2-Butanol on dehydration gives 2-Butene 
(M) Propene on chlorination at 670 to 870 K gives allyl chloride. 

(MO Chlorine atom in vinyl chloride is not reactive. 

(/v) teri-Alkyl halides usually react by S H 2 mechanism. 

tii - _ , (Delhi BSc. Hons 1976} 

M, S^l type of reactions show racetnisalion and rearrangement while 

V bp® of reactions show inversion but no rearrangement. Explain. 

(Delhi B. Be. Hons, 1979} 


. 1$ * .Explain why chlorine in allyl chloride is 
vinyl chloride it not reactive. 


reactive while that in 
(Andhra A Sc. 1979} 


fojlowiflg'eaS^sMHfft^ nr< * Cr °f Ets of hydrolysis of the In tbn 
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alkyl halide ? 


(SO CH.CH.CHICH,; 

(iv) CH, CH, CHBrCH •; 

(N) CH,-CHCI. 

Mwftrfl B. Sc. 7970) 

How do you explain the following order of reactivity ? 

CHJ > CH, - Br >CH,C1 

18. Why is a tertiary alkyl halide> s econdary alkyl hal 4 de>primary 


(0 (CTUOC1; 

(Of) CH t **CH,CHaBr ; 
(r) CH,CH f CHI and 

17. 


19. Give mechanism of isomerisation of 1-Bromobutane into 2-Bromo- 
outane and that of neopentyl chloride into 2-Chloro-2-melhylbutane when 
heated in the presence of A1C1, at 570 K. 

28. Give equations for the conversion of glycerol into isopropyl iodide. 

21. Name various factors wh»ch influence mechanism whether £L.l 

arS 2 N 

22. Summarize distinguishing features of S N 1 and S^Z mechanisms. 

23. What is 9-elimination ? 

24. Why are S N I and El competing reactions 7 

25. Why docs branching at the 9-carbon atom tend to favour elimina¬ 
tion at the expense of substitution ? 

26- Name the factors which lend to favour E2 reactions over the S 2 
enactions. N 


I* ^ or . the blowing : r-Butyl chlonde reacts with sodium 

nyoioxide by S N 1 mechanism while n-buty) chlonde reacts by the S N 2 


(Delhi B.Sc. Hons. J930) 
28. Write mechanism that explains the course of the following reaction ■ 
VH» CH.CH, 

^ i HCI | | 

CH.—CH—C—CH,-* CH,—C—CH—CH. 

II | 

OFI CH. tl 

29 Whm fen \ rr>i • , . , (Delhi B.Sc. Hons. 1980) 

iaobutylene andVbuffiVS. Wlth h °~' thc Product '* a mixture of 

(0 Name the two types of reactions involved, 
products? NamC thC inlcnncdifltc P^uct which gives rise to the above two 


(/«) What is the function of HO* in the two reactions 7 
(iv) What conditions favour the formation of isobutylene 7 


30. Give electronic mechanism of the hydrolyrisof |Mhyl timde. * 

(Aligarh B.Sc. 1977 Supp,) 

31. Explain the following : 

. A * k y* c l ,I ^i^ cs a«yl chloride give a precipitate of AgCl on heat- 
l with alcoholic AgNO s> whereas vinyl chloride does notl 


* l,h “ ki ” 

. **• Write equations for the following reactions. Give the mechulim in 


(a) Ifopreae it treated with HBr in acetic add. 
alcoho l,-?^ roPyl bromide *’ tre » ted separately with aqueoot MaOH and 

emaM^ta ‘'“"“tt* 01 of • “*«»« of hobotane and chlorine are 

«*po«ed to tunlight. (Delhi BSc> „ mn 



ORGANIC CHEMISTRY 


2*121 


1 With alcoholic potash C f H f Br (A) gives C.H, (B) along with some 
CpHuO (C) aM impurity. B on oxidation gives C b H«O b (D)-f carbon dioxide 
and water. With hydrobromie add B give 9 E, an isomer of A. Identity the 
compounds A to E. 

2 A primary alkyl halide (A), C«H»Br reacted with alcoholic sodium 

hydroxide to Hive compound (B). Compound (B) reacted with hydrogen bro¬ 
mide to give (C>—an isomer of (A), When (A) wai treated with sodium, it 
gave a compound (D), C»H„ which was different from the compound produced 
when u-butyl bromide was reacted with sodium. Draw the structural formula 
of (A) and write equations Tor aJJ react lone. (Ptan/ab B.Se . Ch. Engg . 1976) 

9. W ith alkali CAU, (A) gives C,H,0 (B) or CtH 4 (C). C reacts with 
dilute sulphuric acid containing mercuric sulphate to give CAO (D) wfakh 
gives with bromine in alkali, the salt of CaH.O, (E). Identify the 
4 to E. 

ANSWERS 
Warm with HQ 


6. (0 AUyl alcohol *- 


Allyl chloride 


Boil with water 

(0) With KL (iff) By reduction with HI, Zn-Cu+alcohol, etc. 
KOH HBr 

(h) (CH,) B .CHC1-►CH i .CH-CH i -» CH t .CH,.CH t Br 

ale. + Peroxide 

KOH HBr 

(v) CHvCH. CH.Cl-► CH. CH-CHi-►CH,.CHBr,CH. 

ale. 

1. (0 CHa.CH.CHa.CH,. 

Jh, 

(I/) CH,I.CH,.CHT.CH-CH.CH,.CH,.CH,. 
im CH,I.CH,.CHC1.CH,.CH,.CH.. 

Ov) (CH,).C CH.Br. (») (CH,),CH.CH,Br. 

(ri) CH|.CH|.CHBr.cH|. (vi/) CH,Bf.CHt.CH,■ CH|.CU|Bf> 

2. (0 tcrt.-Butyl bromide or 2-Bromo-2^Metbylpropane. 

(ii) Isopropyidcne chloride or 2,2-Dichloropropane. 

(Hi) Propylene bromide or 1,2-Dibromo propane. 

(tv) ■, w-Dibromopropane or Trimethylene bromide. 

1. A is CH.CH* CH.Br: B is CH.CH-CH, a 


A is CH.CH* CH t Br: 

Propyl bromide 

C is CHi.CH. CHa O.CHi.CHt.CH.; 

n-Propyl ether 
E is CH. CHfir.CH.. 

Isopropyl bromide 
CH, CH, 

I KOH I 

CH.—CH-CH.Br-- CH,—C-C 

Isobutyl bromide ale. 


Propylene 
D IsCHiCOOH; 
Acetic acid 


HBr 


CH, 
I 


(A) 2-Methyl-propenc 

I (B) 

4 Na 
CH, 

CH.—^H—CH.—CH,—CH—CH, 

2, 5-Dimethylheiane, C,H,, 

fl» 

A is CH.CHiCHCL ( f ropyUdene chlorUt ); 

B is CH,.CH,.CHO ( Propionaldtkydt ) ; 

C it CH ( .OhCH (Propynt ); 

D to CHdOaCH. {Ac*to»«): 

Bit GH«COOH (Aerie iMtf). 


CH, 

CH,-d—CH, 

L 

2-Methyl- 

2-bromopropane 

(C) 
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Monohydric Alcohols 


L TKte Alcohols. —The hydroxy derivatives of aliphatic 
hydrocarbons are termed alcohols. These are obtained by replace¬ 
ment of onei two or more hydrogen atoms nf a hydrocarbon by a 
corresponding number of hydroxyl groups. They are classified 
according to the number of hydroxyl groups present. For example* 
alcohols containing one hydroxyl gtoup are called monohydric 
while others containing two and three hydroxyl groups are termed 
dlhydric and trihydric respectively. Alcohols containing four or 
more h) droxyl groups are known as Polyfaydiic alcohols. Thus, 
we have 


dl* (AftfAaRff) CH*—CHj {Ethane) CHg-GHg—-CH| {Propane) 

—H 1 +OH —2H | +20H —3H | +30H 

14 4 

CH.OH ; CH.OH—CH.OH ; CH,OH.CHOH.CH,OH 

Methanol Glycol Glycerol 

( Monohydric) (Dlhydric) (Trihydric alcohol) 

More than one —OH groups cannc t be linked with the same 
carbon atom ; if it happens, the compound is unstable and an 
immediate elimination of a molecule of water occurs. 


—3H | +30H 

CH.OH.CHOtLCH'OH 

Glycerol 

(Trihydric alcohol) 


r/ s /oh 


—H.O 


Unstable dihydric alcohol 
0|H 

/ “ -H.O 

R—C— OH — 

\|_ Acid 

OH 

Unstable trihydric alcohol 


?c-o 

R' 

Ketone 

✓° 

R-C—OH 


2. Monohydric Alcohols. —The saturated monohydric 
alcohols constitute homologous series with the general formula 
CJH*.+ 1 OH or ROH and the characteristic group —OH. Them 
are further classified as primary, secondary and tertiary alcohols 
according as the carbon atom to which the hydroxyl group is attach' 
ed is primary, secondary or tertiary carbon atom. 

A carbon atom is termed primary, secondary or tertiary 
according as it is attached to one, two or three carbon atoms 
respectively. 
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Primary alcohols contain the primary alcoholic group, — CH.OH, 
tjg*, methanol HCHgOH and ethanol CHgXJHgOH. Similarly 
>GHOH is the characteristic secondary alcoholic group and mCOli 
is the characteristic tertiary alcoholic group, e.g„ 

(CHa).CHOH ; (CH,) i COH 
iso- propyl alcohol isn-butyl alcohol 

{Secondary alcohol) (Tertiary alcohol) 

3« Nomenclature. —There are three different systems for 
nomenclature of monohydric alcohols as given below : 

(0 The simpler alcohols are commonly known by their 
common or trivial names obtained by adding the word alcohol 
after the alkyl group present, e,g. 9 methyl alcohol for CHgOH. 

(is) According to another system of nomenclature, alcohols are 
considered and named as derivatives of methyl alcohol (CSHjOH) 
which is named carbinol, e.g. t GHgCHjOH is methylcarbinol. 

(ssi) In the IUPAC system, the longest carbon atoms chain 
containing the hydroxyl group is selected as the parent alkane and 
the alcohol is named as derivative of this alkane with -ol as the 
class suffix. The homologous series is thus termed as alkanoU. The 
positions of the hydroxyl groups and the side chains are indicated by 
numbers, the lowest possible number being given to the hydroxyl group* 
For example, 

•CH ,. , CH. i CH. I CH - 
CH, <Ih 

is called 3-methyl-2*butanoL 


Names of a few alcohols in these three systems are given below : 
Alcohol Trivia! name Carbinol name IUPAC name 

CH s OH Methyl alcohol Carbinol Methanol 

CHj.CHbOH Ethyl alcohol Methyl carbinol Ethanol 

CH*CH t CH,OH «-propyl alcohol Ethylcarbinol 1-propanol 

CH.CHOH.CH. Isopropyl alcohol Dimethylcarbinol 2-propanol 

(CH,),CH.CH.OH l^obutyl alcohol Isopropylcarbinol 2-Methyl-1- propanol 

CH B .CH B .CHOH.CH t jec-bulyl alcohol Ethylmethyl- 2-Butanol 

carbinol 

(CHi)i.COH or iert, butyl alcohol Triraethylcarbinol 2-Methyl-2-propanol 
5 CH l B C(OH) l CH l 



When an alkanol losrs the hydrogen atom of the —OH group, 
the residual group RO— is termed alkoxy group. For example, 
CHgO— is methoxy group and C z H»0— is ethoxy group. 

4. General Methods of Preparation.—Monohydric alco¬ 
hols can be prepared by the following general methods : 

(1) By the hydrolysis of an alkyl halide with aqueous alkali or 
silver oxide suspended in water . 


for 


c.hJ 1 + kJ oh - 

Ethyl iodide (Aqueous) 


CHafrf + Xj OH 


Methyl 

bromide 


Moist 

diver oxide 

me page 1*151 


C,H.OH + KI 
Ethanol 

CH.OH + AgBr 
Methyl 
alcohol 



2*124 


ORGANIC CHEMISTRY 


(2) By Hydration of Olefin*- Olefins may be hydrated to 
alcohols by absorption in concentrated sulphuric acid followed by 
hydrolysis of alkyl hydrogen sulphate. 


CH. 

I 

CH, 

Ethylene 


h,so 4 


CH, 

* (b,.HSO, 

Ethyl hydrogen 
sulphate 


H|0 CH. 

Boil CH.OH 

Ethyl alcohol 


This is one of the recent synthetic methods used for the 
Industrial preparation of lower alcohols from olefins obtained from 
cracked petroleum. Alcohol obtained is mixed with some ether 
which is a by-product. 


Olefins, however, may also be catalyticaliy hydrated in dilute 
acid solution. Mechanism proposed for hydration is as follows : 

OI slow ® 

Me.C-CH, H—OH. + * Me.G—CH. * H.O 
Isobutylene 

—h+ 

«i Me,C—Me * Me,C—Me 

+d>H. +H * <!>h 

tert, butyl alcohol 

Two indirect methods for addition of water to olehns are : 


(o) Oxymercuration^D^mercuration. Alkane is treated with 
mercuric acetate in water-tetrahydrofuran solution whrn hvdroxy- 
alkylmcrcury compound is obtained. This is reduced with NaBH, 
when alcohol is produced. Addition of water occurs according to 
MarkownikofTs rule. 


CHaCHjCH = CH, 

1-Butene 


Hg(OAc). NaBH 4 

-► CHjCH 2 CH ch 2 -► 

THF-H.O I | OH’ 

OH HgOAc 
Hydroxyalkylmercury 
compound 

CH.CH.CHOHCH, (93%) 
2-Butanol 


(6) Bydroboration-Oxidaiion. It has already been discussed on 
page 2 * 28 . 


3 R — CH=CH* + i (BH*) a -► (R-CHjCH,), B 
H.O, 

-► 3RCH«CH|OH + B(OH), 

OH- H.O 

Here addition of water takes place in anti-Markownikoff way. 
(3) By hydrolysis of esters with alkali . 

RCO| OK* + H i ONa-t» RCOONa + R'OH 

Ester DfL alkali Sod. salt Alcohol 


The method is important for industrial preparation of certain 
alcohols which occur naturally as esters. 

Tertiary alkyl halides do not give a good yield of alcohol on 
hydrolysis. There is a greater tendency to form olefins than ftWftlti 
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A good yield of alcohol can, however, be obtained by first converting 
the alkyl halide into an ester which is next hydrolysed to get tertiary 
alcohol. 

In alcoholic 

RjC CH t COO Ag-► CH.COO.CR.-f AgX 

Tertiary Silver solution Ester 
alkyl halide acetate 

CHgCOOiCR.-fNaOH -► R|COH+CH,COONa 

NaJOH Tertiary 

alcohol 

(4) By hydrolysis of ether by heating with dilute sulphuric acid 
under pressure, eg,, ethanol from diethyl ether. 

Dil.H,S0 4 

CgHgOCgHg + HgO --> 2C,H,OH 

Diethyl ether under pressure Ethanol 

The method is used industrially for preparation of alcohols 
from ethers obtained as by-products during the preparation of certain 
alcohols. 


(5) By reducing acid chlorides , aldehydes or ketones with excess of 
sodtum and ethanol (. Bouveault-Blanc reduction) or catatyticatty. 

e ; H+ 

CH.COC1 -► CHgCHgOH + HQ 

Acetyl chloride Ethyl alcohol (Primary) 


CH.CH-0 

Acetaldehyde 

CH^ 

>c-o 

CM/ 

Acetone (A ketone ) 


H+ 


H+ 


CH.CH.OH 
Ethyl aloohol (Primary) 

--*■ CH, ^choh 

CHS 

Isopropyl alcohol (Secondary) 


Lithium aluminium hydride, LiAlH c gives a very good yield of 
alcohols from aldehydes, ketones, esters, acids, add chlorides and 
acid anhydrides in ethereal solutions. One advantage of this reagent 
is that it docs not reduce the olefinic bond and hence can reduce 
unsaturated aldehydes, ketones, etc., to unsaturated alcohols. 


_ LiAlHj 

RCH-0 or RCOOR or RCOOH-► RCH.OH 

Aldehyde Ester Acid Primary alcohol 

LiAlH a 

R.CO.R-* R.CHOH.P 

Ketone sec . alcohol 


Lithium borohydride is another reducing agent but less vigo¬ 
rous. It may be used to reduce more reactive groups when two or 
more such groups are present in the molecule, e.p., out of carbonyl 
and carboxyl groups, the former is reduced preferentially. 

LiBHg 

RXO.GHg.GHg.COOH - - -► RCHOH.CHg.CH.COOH 

(6) By the action of nitrous acid on primary amines . 

HO IN JO 

CgH § |N |Hg + HONO-► C.H.OH +N.+H.O 

Ethy lamina Nitrous Ethanol 

(Primary amine) add (An akahot) 

(7) With the help of Orignard reagent. Primary, secondary 
a nd tertiary alcohols may be prepared by means of a Orignard 
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reagent and an appropriate carbonyl compound (an aldehyde or a 
ketone). The addition product first formed is decomposed with water 
to give alcohol. 


(t) Primary alcohols are obtained with dry oxygen or formal¬ 
dehyde. 


H<OH H.O .OH 

RMg Br+ K>.—► RO|MgBr-► ROH+Mg<^ (*.*.) 

Hi OH H a O 

H,C—O + RMgl —► RCH,—O Mgl —►RCH.OH (*.) 

Form aide- Grignard Addition I Alcohol 

hyde reagent product ( Primary ) 


(tv) i Secondly alcohols are prepared with aldehydes other than 
formaldehyde. 

R HlOH H O R 

RCH-O + R'Mgl—► 'yCH.O Mgl —NcHOH ( f.g.-g.) 

Aldehyde Grignard R (/ . 

reagent Addition Alcohol 

product ( Secondary) 


(Hi) Tertiary alcohols may be prepared with ketones. 
HI OH 


> 

R #/ ^ Grignard 
(Ketone) reagent 


R v./ OM 


(I) 


R v .Ol Mgl H.O 

I ’ r -/ C \r. R'/^Nr* 

Addition Alcohol 

product ( Ternary ) 

(9) By fermentation. A number of alcohols arc obtairud b\ 
Fermentation process (see manufacture of ethanol by fermentation of 
molasses). 


(9) Synthetic methods. Various synthetic methods which have 
become very important in recent years lor the manufacture of 
alcohols are : 


(i) By hydration of olefins. See method (2) given above. 

(ii) From carbon monoxide and hydrogen . A mixture of 
carbon monoxide and hydrogen is heated under pressure in the pre¬ 
sence of catalyst (zinc chromite + small amount of iron salts). A 
mixture of lower alcohols (e.g., GH a OH, CjHjOH, n*propyl and 
isobutyl alcohols, etc.) is obtained. Individual members are 
separated by fractional distillation of the mixture. 

(its) By the "oxo” process from olefins . Carbon monoxide, 
hydrogen and the olefin are passed under pressure (200 atm) ovoi 
a heated catalyst (398-418K). The catalyst consists of a mixture 
of cobalt, thoria, magnesia and kiesclguhr in the ratio 40 : 2 : 3 : 80. 
For example, propylene gives n- and sec-butyl alcohols. 

(i«) By oxidation of natural gas . Lower alcohols are industri¬ 
ally prepared by the oxidation of natural gas. 

5. General Properties of Alcohols.— 

(a) Physical, (i) The alcohols are neutral substances. 

(ii) The lower members of the homologous scries are colour¬ 
less mobile liquids and are followed by those of oily consistency up 
to CjiHsgOH. Higher members are colourless waxy solids* 
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In a group of isomeric alcohols, primary alcohol has the 
higher boiling point and the tertiary the lowest. The boiling 
points of liquid alcohols are higher than those expected from their 
molecular weights. This is believed to be due to association of their 
molecules through hydrogen bonding giving rise to big molecules 
with low volatility as given below : 

r r a 

On comparing the boilir j points of alcohols with those of 
hydrocarbons of roughly the same molecular masj, we find that 
alcohols boiled at much higher temperatures. 

Compound Mol. mass B.P.(K) Compound Mol. mass B.P.(K) 
CH a OH 32 338 C.H.OH 46 351 5 

CH.CH. 30 184*4 C 3 H B 44 2285 

Boiling point of methanol is about 154° higher than that of 
ethane even though their molecular masses are almost the same. 
Similarly, boiling point of ethanol is 123° higher than that of 
propane. 

This is due to the presence of strong hydrogen bonds resulting 
in association in alcohol which arc absent in alkanes. 

(in') Lower members arc soluble in water and organic solvents, 
but the solubility in water goes on decreasing with the rise of 
molecular weight. 

Their solubility in water is due to the fact that the oxygen 
atom of the hydroxyl group in alcohois can form hydrogen bonds 
with water molecules. In the lower alcohols the —OH group 
constitutes a large part of the molecule and they arc more soluble. 
In higher alcohols the hydrocarbon character of the molecule 
increases and hence the solubility in water decreases. But the 
structure of the carbon chain also plays a part, e.p., n-butyl alcohol 
is fairly soluble in water whereas tert. butyl alcohol is miscible with 
water in all proportions. 

(ir) Lower members have a pleasant smell but a burning taste 
and the higher ones are odourless and tasteless. 

(») These are lighter than water. 

(vi) Their boiling points rise fairly uniformly with a rise in 
molecular weight. For isomeric alcohols the boiling poinu are in 
the order : primary alcohol > secondary > tertiary. 

(ini) Lower alcohols give solid derivatives with certain metallic 
salts. In these alcohol molecules are a part of the constitution like 
water of crystallization. For example : 

CaCU.4CH.OH CaCU.4C.HaOH 

MgCl a .fiCH a OH MgC l t .fiCaH«OH 

(6) Chemical. The monohydric alcohols are commonly 
regarded as derivates of alkanes obtained by the replacement of one 
hydrogen atom by hydroxyl group. They can aim be regarded 
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with equal propriety, aa derived from water by replacement of the 
hydrogen atom by alkyl group, 



of H by —OH 


CHr-OH 


Replacement 
of H by CHj 


H—OH 
Wibr 


Alcohols, therefore, inherit properties of both parents—alkanes 
and water* For example, physical properties of methanol lie 
between those of methane and water as given below : 


Property Methane Methanol 

m.n. 89K 176SK 

b.pT 159K 338K 

Density 0-415 fl09K) 0-792 

Solubility Insoluble in water ; Freely soluble 
soluble in hydro- in water ; fairly 

carbons in hydrocarbons 


Water 

273K 

373K 

100 

Immiscible 
with hydro¬ 
carbons 


In chemical reactions also, alcohols bear a striking resemblance 
to water and alkanes as given below : 


1. Reactions involving replacement op hydrogen atom 


OP THE HYDROXYL GROUP : 


(t) Action of alkali metals—sodium, potassium or 
lithium. The hydrogen atom of the hydroxyl group (—OH) is 
replaced by an atom of metai with the evolution of hydrogen and 
aIkoxide is formed. 

2ROH + 2Na —► 2RONa + H. 

Alcohol Sod alkoxide 

2CjH«OH + 2Na—► 2C,H B ONa + H, 

Ethanol Sod ethoxide 


Alkoxides (RO“Na + ) are electro valent compounds which arc 
readily decomposed by water. 

RONa+H.OnROH+NaOH 

The order of the ease of formation of alkoxides is : 

Primary alcohol T> secondary > tertiary. 

This may be explained as follows : There are two possible ways In which 
lbs group COH may undergo fission : 

C- —O—H and 0-0 ; H 

In C—O—H the shared electron pain are displaced towards oxygen due 
to its higher electronegativity as compared to carbon and hydrogen, we have 

r t* 

C-4-0-4-H 

The greater the displacement of the shared pair towards oxygen atom in 
the C—O, the larger is the negative charge on the oxygen atom and weaker Is its 
attraction of the shared pair or the O—H bond. 

In other words, the greater the polarity of C—O bond the smaller the 
plenty of O—H bond. But the strength of a bond decreases as its polarity 


Since alkyl groups are electron-releasing, the larger the number of alkyl 
groups attached to the carbon atom of C—O—H group, the greater will be the 
polarity of the C—O bond, />., the polarity of the C—O bond is the greatest in 
tertiary alcohols and the least in primary alcohols. 

Consequently the polarity of the O—H bond is the smallest in tertiary 
alcohols and greatest in primary alcohols. In other words, strength of C—O 

»k»hou while fe 

grontm of O—H bond is greatest in tertiary alcohols and jg p ekanr y 
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Consequently tendency to break as C j —O—H is greatest in tertians 
alcohols and least in primary alcohols. 

Conversely tendency to break as C—O— j H (as in the formati-'a of 
alkoxides) is greatest in primary alcohols and least in tertiary alcohols. 

(ii) Action of Organic adds. Alcohols react with organic 
acids to form esters, The process is called esterification * which unlike 
neutralization is a reversible, non-ionic and slow process generally 
carried out in the presence of a dehydrating agent. Concentrated 
sulphuric acid is commonly used since it acts as a protonating agent 
as well as a dehydrating agent. 

RCOfQ H +^H | OR' * RCOOR' + H»0 
Organic acid Alcohol Ester 

CHjOOl OH -f H| OC,H| * CH.COOCgH, + H.O 
Acetic acid Ethanol Ethyl acetate (Ester) 


This involves breaking of COH group as C—O— * H. TTie 
order of reactivity of an alcohol with given organic acid is, therefore* 

as : 

Primary alcohol > secondary > tertiary. 


Mechanism of the reaction is as follows : 


O 

Ci 

CH,-C 


H+ 


I 

OH 


OH 

I 

CH^-C+ 


OH 


H.O+ CH|—C—0—C.H, 

n 

o 


] 


H 

u 


OH 

P CH,—C O—CgHiT 

»H| L I I J 

OH H 

t 

OH 

[ CH^-C-O C.H.] + H* 
O—H 


^»») Acetylation. When ap alcohol is treatrd with acetyl 
chloride (C(l,COC!) or acetic anhydride, the 11-atom of the —OB 
grojp is replaced by an acetyl group. The process u :al!»d acety- 
HUon. 

CH.COICI + H|OC,Hi —► CHjCOOC.H, + Hd 
Aoetyl chloride Ethanol Ethyl acitate 


C.HiO/H 

CH^OL 

C.H.OH + -v „/° 
Ethyl CH.CO' 

Alcohol Acetic snhydnde 


CH,COOC.H 4 + CHjCOOH 
Ethyl acetate Ace ic acid 


In fact, an alcoh will react with any acid chlomi”, RGOCX 
or anhydride and the process is known as ablation. 


* The old method of formulating esterification as 
IU^|rrHp|VesR COOR ' + HgO 
was pioved to be incorrect by Roberts, Urey (1938) and others. 
TOC-U-183-9 



2*190 


ORGANIC CHEMISTRY 


medumim of the nKtkm it M fellow* * 

/*° 0 

aSc+to-C'H,-* r 

II L J ll 


0f Q ItShot 
»acUckMdt) 


& 


a 


A + [~CH»—<!—OC,H»"l 

L Ci J 


CHr-C—OC,H, + Q- 
Ethyl rotate 


(«0 Action of Grignmrd reagents. Hydrocarbon* are obtained 
when alcohols react with Grignard reagents* 


RO|H + CrHdMgl -► C,H, + ROJVfgl 

Alcohol Ethylmagnesiuin Ethane 

iodide 


2. Reactions involving replacement op the hydroxyl 

GROUP: 

(i) Action of halogen a ride. Alcohols react with halogen 

adds to gi\ r halides, eg., an iodide is obtained with hydriodic acid 
and a chlui.de with hydrochloric acid. 

ZnCli _ 

C,H 5 | OH ± Hi c\ ** CjHjCl + H.O 

Ethyl Hydrochloric acid Ethyl 

alcohol (mineral acid) chloride 

If, however, an alcohol is heated with concentrated hydriodic 
acid and red phosphorus, it is converted into a paraffin. 

Red P 

C 2 H s OH+2H1 -* CgH, + Ij+H.O 

Ethanol Ethane 


The order of reactivity of the halogen acids is HI>HBr>HQ. 

The order of reactivity of an alcohol with a given halogen 

acid is : 


tertiary alcohol > secondary > primary. 

We see that this order is a reverse of the order of reactivity 
with an organic acid. This implies that the mechanism of esteriflea- 
Non of organic acid is different from that of halogen acids . We have 
already represented them differently as follows : 

CH«CQ1 oh~T~H| OCgHg *» CH|COOC,H ( + H,0 
CjH.l QH 4. H | Cl + CgHgCi + H«0 

Mechanism of Reaction. Mast primary alcohols react by an S N 2 mecha- 
ofem, while secondary and tertiary alcohols react by an S N 1 mechanism. The 
commonly accepted mechanism supposer the reaction to take place in the follow¬ 
ing three steps; 

(A) Per secondary and tertiary alcohols : 

(e) Protonation ofalrokol Thi' converts the poor leaving group. —OH to 
feefOid leaving group, ~OH,+. 

KM t UK # R&H, + X 
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H.0 


FwH o mt cJ alcohol Ctrbocfttion 

This to (to no* difficult Hep as K involves the breaking of C—OH bond (tlkyl* 
wn wtetai). The territory earbocation being most stabk to formed most 
MW whUe the primary earbocation being the hut stable to formed toast 
nudity. The rearrangement of the earbocation may take piece (by migration 
of H or R from one C to another) to form a more (table earbocation. 

(c) The earbocation (the originally formed one or the out formed 
after rearra nge ment) unites with a halide ion to form alkyl halide. 


& + X —*• RX 

Examples of rearrangement of carbocattons are given on page 1*149. 


(B) For primary alcohols : 

(a) Protonation of alcohols as given under (A) 

( b ) Nucleophilic substitution, 

A f\ f\ © 

X 0 + R—OH,^-► X-R -+ H.O 

The tendency for an S N 1 mechanism is enhanced in a medium like anhy¬ 
drous ZnCl a in cone HCi ( Lucas reagent) mid the order or reactivity has been 
found to be : 

> 2 ° > 

immediate reaction within no reaction 
reacuon 5 minutes at room temp. 


(tt) Action of phosphorus halides—PCI,, PCI,, PBr a 
(P 4 +Br t ), PI, .(Pi+l|). The hydroxyl group is replaced by the 
corresponding halogen atom and an alkyl halide is formed. 


ROH + POg 

-* RC1 + 

Alcohol 

Alkyl halide 

SCgHfOH + PCI* 

-*■ 3C,H»a + 

Ethyl alcohol 

Ethyl chloride 


P.-M. 

3CH.OH + PI. 
Methyl alcohol 

-► 3CHJ + 

Methyl Iodide 


POO, + HC1 
H*PO, 

H*PO, 


3. Rjuctions involving both alkyl group and hydroxyl 

GROUP : 

Co Ddiydratioo. Alcohols may be dil ydrated to the cor- 
trading olefins—the carbon atom adjacent to the COH group 
loses one hydrogen atom. The order of ease of dehydration is : r 

tertiary alcohol > secondary > primary. 


Alcohols are dehydrated by simple heating (670>1070K) 
passing the vapours over alumina at 620K. 


CHj—CH.OH 
Ethanol 


A1|0 4> 620K 
—H.O* 



or 


Primary alcohols are dehydrated by concentrated sulphuric 
add at about 440K. Dilute sulphuric add is used with secondary 
and tertiary alcohols to avoid polymerization of the ole” 
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It appears that (he function of the catalyst is to smUm the C— O bond 
C— QH group. \Viih sulphuric acid the mechanism may be 


of the C—OH group 


H 4 S0 4 llow 

C a H*—OH + H+ * C.H.-OH. * C,H*+ + HjO 
fast 

A proton from the acid coordinates with the oxygen atom. The polarity 
of the'C—O bond increases and its strength decreases. Rupture of C—O bona 
produces the carbocation and a molecule of water. The carhocation, which 
is unstable, stabilises itself by eliminating a proton to form ethylene (olefin) and 
the proton is accepted by a water molecule. 

+ J^V. fast 4- 

CH,—CH.—H+ ' OH, w CH,*CH, + H,0 
Carbocation Ethylene 

•on {unstable) 


Expulsion of H+ takes place in such a manner as to form a more stable 
alkcne and if necessary may be preceded by rearrangement of carbocation as 
stated in the mechanism of ROH and HX. Alkene that is most highly substitu¬ 
ted Is preferred. For example, sec. butyl carbocation gives 2-butcue. 


H 

I 


+ 


—H 


H«C—CH t —C—CH, * 


H,C—CH-CH-CH, 
2-Butene 


sec. Butyl carbocation 


2-Butene is preferred and not H,CCH,.CH=*CH, as this is less highly 
substituted at the C atoms separated by the double bond. 

Action between ethanol and sulphuric acid is interesting, aa 
different products are obtained under different conditions. Ethyl 
hydrogen sulphate is the first product of reaction when ethanol is 
treated with concentrated sulphuric acid in cold. 

C*H,OH + H,50 4 -► C 1 H 4 HS0 4 + H,0 

Ethyl alcohol Ethyl hydrogen 

sulphate 

(a) Ethyl sulphate is obtained by distilling the ethyl hydrogen 
sulphate under reduced pressure. 


2C f H|HSOt (C,H,),SO fl + H,S0 4 

(6) In the presence of excess of alcohol ethyl hydrogen sul¬ 
phate further reacts at 41 OK to give ether. 

410K 

CtH> tHS0 4 -MT! OC.H,-- C.H,—O—C,H t + H f SO § 

Ethyl hydrogen Excess of Diethyl ether 

sulphate alcohol 


(c) In the presence of excess of sulphuric acid ethyl hydrogen 
sulphate loses a molecule of sulphuric acid at 440K to give ethylene. 


c,h,hso 4 
Ethyl hydro¬ 
gen sulphate 


440 


Exoess of 

h»so 4 


CH.-CH 4 + 
Ethylene 


H 4 SO| 


Methanol gives reactions with sulphuric acid similar to ethanol 
except the reaction corresponding to (e) above. 
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Dehydration of secondary and tertiary alcohols may occur in 
two different way*, e^., 


CH,.CH*.CHOH.CH,- 


■—H|Oj -*CH ,.CH, .CH—CH, 
J-Butene 

+CH.CH-CH.CH, 
2-Butcnc 


In general it has been found that hvdrotren attached to the 
adjacent carbon atom joined to least number of hydrogen atoms is 
eliminated most easily, we., elimination of water molecule is in 
accordance with Saytzefi* rule. Thus in the above reaction 2-butene 
is the main product. 

In case the carbon atom adjacent to COH carries no hydrogeu 
atoms, dehydration is accompanied by molecular rearrangement, e.?., 
dehydration of 2,2-dimethyH-propanol gives 2-methyl-2-butene 

-H,0 

(CH,) t C.CH p OH --► (CH.l.C-CHCH, 

For mechanism see page V 153. 

(ii) Oxidation. Alcohols can be oxidised and the products 
of oxidation depend on the class of alcohol {Refer to section 7). 

(iit) Action of hot reduced copper. Here again the pro* 
ducts depend on the class of alcohol (see page 2‘134). 


(iv) Action of chlorine. Chlorine acts both as an oxidising 
agent and a chlorinating agent. For example, with ethanol it gives 
chloral. 

Cl, Cl, 

CH.CH.OH-* CH..CHO -- CQ,CHO 

Ethanol Oxidation Acetaldehyde Chlorination Chloral 

6. Testa for Hydroxyl Group.—The following tests may be 
applied to detect the presence of a hydroxyl group in an unknown 
organic compound. In case the compound is a solid, its solution is 
to be prepared in an inert organic solvent, e.g. } benzene or dry ether. 

(i) Sodium metal teat. Add sodium metal to the substance 
or its solution. Bubbl es of hydrogen gas, if evolved, indicate the 
presence of an OH group in the given substance. 

(si) Phosphorus pent a chloride test. Add phosphorus 
pentachloride to the given substance or its solution. If it becomes 
warm with the evolution of hydrogen chloride, the given substance 
contains a hydroxyl group. 

(iit) Acylation test. To the given substance or its solution 
add acetyl chloride or benzoyl chloride. If hydrogen chloride gas 
is liberated, it shows that the given substance is a hydroxy com¬ 
pound. Separation of an oily layer of ester, if there, is an rational 
point in favour of the inference. 

7. Distinction between Primary, Secondary and Ter¬ 
tiary Al c oh ol s. —The following methods are employed for distin¬ 
guishing the three desses of alcohols from one another ; 
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(I) OxkhtioB MetkodL The nature of the oxidation product 
depends on whether the alcohol is primary, secondary or tertiary. 

(i) A primary alcohol is easily oxidised to an aldehyde and 
then to an acid both containing the same number of carbon atoms 
as the original alcohol. For example, ethyl alcohol is oxidised to 
acetaldehyde which is further oxidised to acetic acid. 

O O 

CH,—CH.OH —► CH,—CHO —► CHgCOOH 
Ethyl alcohol Acetaldehyde Acetic Acid 

(»'») A secondary alcohol on oxidation gives first a ketone with 
the same number of carbon atoms as the original alcohol. Ketones 
are fairly difficult to oxidise but on prolonged action of oxidising 
agents, they undergo fission to yield a mixture of acids each con¬ 
taining fewer carbon atoms than the original alcohol. For example, 
isopropyl alcohol gives first acetone and then acetic acid. 

CH iv O CH,. O 

>CHOH —► >C=0 —► CH.COOH 

CHS CHS Acetic acid 

Isopropyl alcohol Acetone 

(*n) A tertiary alcohol is resistant to oxidation in neutral or 
alkaline solution but is readily oxidised by an acid oxidising agent 
to give a mixture of ketone and acid each with fewer number of 
carbon atoms than the original alcohol. 

CH.\ O CH,. O 

CH a —COH —► >C«0 —► CHjCOOH + HCOOH 

CH,/ CH S Acetic acid 

Tertiary butyl Acetone 

alcohol 

The oxidising agents usually employed for oxidation of alcohols 
are : acid dichromate, acid or alkaline potassium permaganate and 
dilute nitric acid. 


Thus oxidising the givrn alcohol and analysing the products 
of oxidation will indicate whether it is primary, secondary or a 
tertiary alcohol. 

(2) By the action of hot reduced cupper. Primary, secon¬ 
dary and tertiary alcohols differ in their behaviour towards hot 
reduced copper at 570K- A primary alcohol loses hydrogen and 
gives an aldehyde ; a secondary alcohol loses hydrogen and gives a 
ketone ; while a tertiary alcohol loses water and gives an olefin. For 
example : 


CH,CH,OH 
Eihyl alcohol 
( Primary ) 


Cu, 570K 

-► CH,CHO 

Acetaldehyde 
(An aldehyde ) 


CH,. Cu, 570K 

yCHOH -- 

CHS 

Isopropyl alcohol 
(Secondary) 


CH t . 

CH/ 


C-0 


Acetone 


(A ketone) 


CH,. yOH 

CH,/ Cn CH, 
Tertiary butyl 
alcohol 


Cu, 570K CH,. 

-- 7C-CH.+ 

CHS 
Isobutylene 
(An olefin) 


H, 

H, 

H,0 
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Thus the product obtained will indicate the nature of tho 
original alcohol. 

(3) Victor Meyer's Method. The given alcohol is converted into on IndUs 
with phosphorus and iodine, which is then changed to a nitroparaffln with silver 
nitrite. 

The nitro compound is now treated with an alkaline solution of sodim 
nitrite, acidified with hydrochloric acid, finally made alkaline with 
hydroxide solution. Nitrous acid from sodium nitrite and hydrochloric add 
differently with the nitro compounds obtained from three classes of alcohols. 

A blood red colour indicates a primary alcohol, a blue colour 
a secondary alcohol while no colour indicates a tertiary aloohoL The chemidiw 
of reaction can be explained as given below : 


CH,CH,OH 
| ( Primary) 


|P+I. 

CHaCHfl 


JArNO, 

CH,C|h7“-NO, 

i L2-N.OH 
CH.C—NO, 


I 

NOH 

(Nilrolic acid) 
Gives blood red 
colour with alkali 


(CH,) b CHOH 
] ( Secondary ) 

P+L 

(CH.).CHI 

IarNO, 


(CH,),C|H 


|—NO, 
N-O 


HO | 

(CH,),C—NO. 
N-O 

(Pseudo nitro!) 
Gives blue colour 
with alkali 


(CH a ),O0» 

1 (Tertiary} 

P+I. 

(CH g ),C-f 

(AgNO, 

i 

(CH.hC-NO* 

JHONO 

No action 


(4) By relative reactivities of the alcohols with hydros 
chloric acid (the Luca* teat). Lower alcohols are soluble in the 
Lucas reagent (a mixture of cone. HG1 and anhydrous ZnCl a ). On 
adding the alcohol to Lucas reagent, a tertiary alcohol reacts imme¬ 
diately, a secondary alcohol reacts within about five minutes. The 
insoluble chloride is precipitated in each case. A primary alcohol 
does not react with the reagent at room temperature. 

Thus on adding the given alcohol to the Lucas reagent if a 
precipitate appears immediately, it is a tertiary alcohol. If a precipitate 
appears after a few minutes it indicates that the alcohol is secondary. 
In case no precipitate is obtained in cold, the alcohol is primary. 

8. Spectroscopic Identification of Alcohols.— 

(a) IR Spectrum. Alcohols - give characteristic absorption 
(O—H stretch) in the region 3650-3580 cm -1 (s) if the alcohol it 
not associated as a result of hydrogen bonding. Inter-molccular 
hydrogen bonding produces broad absorption band in the region 
3550-3230 cm -1 (t>) whereas in the case of intramolecular hydrogen 
bonding absorption appears in the region 3590-8420 cm -1 (e). 

(G—O stretching vibrations seen are : primary alcohols 
1050 cm" 1 (s), secondary alcohol -1100 cm* 1 (s) afid tertiary 
alcohol ~ 1150 rm' l (i). 

(b) NMR Spectrum. In NMR spectrum too the chemical 
fbift of the hydroxyl proton is influenced by the hydrogen bonding* 
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It varies with temperature, concentration, and the nature of the 
solvent used. Ordinarily, the hydroxyl proton signal may appew 
anywhere in the range t 5*9 (I 1-5). As a result of hydrogen 
bonding this is shifted downfield. 

The NMR spectrum of the hydroxyl proton is a singlet since 
it is not split by the neighbouring protons. The hydroxyl proton 
itself does not split the signal; of the neighbouring proton. This is 
because of the very fast proton exchange going on among the 
various molecules of the same alcohol. 

The protons of the alkyl group show chemical shift in the 
range t 6—6*6 (5 5*4—4). It appears that oxygen atom on account 
of its electron-withdrawing inductive effect causes a downfield shift 
of the neighbouring protons. 

INDIVIDUAL MEMBERS 

1 Methyl alcohol, Cmrbinol or Methanol, CH,OH.—The 
first member of the homologous series of alcohols is called methyl 
alcohol, methanol or carbino]. It is also known as wood-spirit or 
wood naphtha as the earliest method for its preparation was by the 
destructive distillation of wood. It occurs in the combined state in 
some essential oils, e.p», in oil of wintergreen, it occurs as methyl 
salicylate. 

10. Manufacture.—Methyl alcohol can be prepared by any 
of the general methods for preparation of alcohols. It was at one 
time manufactured by destructive distillation of wood. This method 
is, however, obsolete now. Today most methyl alcohol is manufactur¬ 
ed by the following synthetic methods : 

'i) From Water Gas. Water gas is a mixture of carbon 
monox ut and hydrogen obtained by blowing steam over red hot 
coke. 

C + H 2 0 —► CO+H, 

Red hot coke Steam Water gas 

\\ a ter gas is mixed with half its volume of hydrogen, Com¬ 
pressed vj about 200 atmospheres pressure and passed over a catalyst 
conaistixi, of the oxides of copper, zinc and chromium at 570K. 

CO V- 2H, —» CH|OH 

Meth* nol obtained u more than 99 per cent pure and if proper 
precautions are taken, its yield is almost 100 per cent. 

(it) By the Catal> tii Iddatim of Methane. A mixture of 
methane (9 volumes) and oxygen (1 volume) is compressed to about 
100 atmospheres pressure and passed through a copper tube at 47QIL 

2CH, + 0, —► 2CH.OH 

Methane Methanol 

11. Properties of Methyl Alcohol. —Methanol is a colour¬ 
less, inflamma ble liquid (b.p. 338K). It is poisonous in nature and 
when t a ke n internally causes blindness and even death* It bums with 
0 faintly luminous flame. With air or oxygen, its vapours form an 
mpkmm mixture. It is miscible with water in all proportions and 
Is miscible with many oigamc solvents. With calcium chloficfe it 
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forma a solid derivative CaC] fl .4CH,OH and cannot, therefore, be 
dried over calcium chloride (c f. ethanol)* It gives typical reactions 
of a monohydric primary alcohol. 

12. Uae*.—(♦) Methanol is used : 

(0 As a solvent for paints, varnishes, shellac, gums, celluloid 
cement, etc. 

(ti) For denaturing alcohol—rendering it unfit for drinking 
purposes. Methylated spirit is denaturated ethanol used for purposes 
other than drinking. 

(in) In the manufacture of dyes, drugs, perfumes and formal¬ 
dehyde (used in plastic industiy). 

(iv) For making automobile antifreeze mixtures. 

(p) As one of the constituents of an alcohol-petrol fuel. 

13. Teats.—(t) When warmed with a few drops of concentre* 
ted sulphuric acid and a little salicylic acid, methanol gives a charac¬ 
teristic fragrant smell of methyl salicylate. 

(ii) On lowering a red hot copper spiral in methanol contained 
in a test-tube, a pungent odour of formaldehyde is obtained and the 
copper spiral becomes bright due to reduction. 

(isi) Methanol does not t^ivc the iodoform reaction—distinction 
from ethanol and acetone. 

14. Ethyl Alcohol, Ethanol (Methylcarb&nol), C fi H fi OH.— 

Ethyl alcohol is the most important member of the alcohol series and 
is simply known as alcohol, rather the homologous series—alcohols, 
gets its name from this member. It is known in commerce as spirit 
of wine or grain alcohol . It can be prepared by any of the general 
methods for the preparation of primary alcohols. 

15. Manufacture of Alcohol. —Different methods employed for 
the industrial preparation of alcohol are : 

(i) From Ethylene. Ethylene (from cracked petroleum) if 
compressed to 15-30 atmospheres pressure and absorbed in con¬ 
centrated sulphuric acid (98 per cent) at 34O-350K when ethyl hydro- 
gen sulphate or ethyl sulphate is obtained. 

C,H, + H,S0 4 * C t H,HS0 4 

C.H4 + C.H.HSO, (C 4 H 4 ),S0 4 

The reaction mixture is diluted with water and warmed when 
hydrolysis occurs and ethanol is obtained together with some ether 
as by-product. 

C,H|/ HS0 4 T H jOH -► C*H 4 OH + H,S0 4 
(C|H 4 ) t SD 4 + 2H,0 -► 2C 1 H|OH+H i SO # 

(n) Direct Hydration of Ethylene. This is carried on in the 
presence of phosphoric acid (catalyst). Ethylene and water vapour 
at 770 K under 60 atm pressure are passed into a reactor containing 
solid phosphoric acid. 

H PO 

CH,«CH a +H.O- *—CH,CH,OH 

TOK, 60«tm. 
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(»«) From Acetaldehyde. Ethanol is manufactured by catalytic 
reduction of acetaldehyde (from acetylene). Vapours of acetaldehyde 
are mixed with hydrogen and passed over finely divided nickel at 
870*41 OK. 


Ni, 41 OK 

CH.CHO + H. -► CH.CH.OH 

Acetaldehyde Ethanol 


(tit) By Fermentation. The earliest method of preparing 
alcohol was by fermentation and this is still used for the manufacture 
uf alcohol and alcoholic drinks (beer, wine, brandy, etc.). This hat 
been discussed in detail under Alcohol Industry . 

16. Properties. —Ethanol is a colourless, inflammable liquid 
with a spirituous odour and burning taste. It boils at 35PIK and 
freezes at 155K. It is miscible with water in all proportions. It 
is a very good solvent for fats and resins and is much in demand in 
industry for which purpose it is denatured by adding pyridine, etc., 
lest it should be used for human consumption, as it u then supplied 
free of excise duty. 

When taken in, alrohol is readily oxidised by the svstem, and 
n, therefore, ar important source of immediate energy. The blood 
begins to flow faster and dilates the blood vessels thus imparting a 
glow to the cheeks of a habitual drunkard. 


It is a tvpical member of the alcohol series and its properties 
are the general properties of alcohols discussed already. Like 
methanol, it cannot be dried over anhydrous calcium chloride with 
which it gives CaCI a .4C,H 5 OH. 


17. Uses. —Besides it being an impoitant beverage, ethyl 
alcohol finds a very extensive use in industry. It is used : 

(i) In the manufacture of (a) paints and varnishes, (6) 
organic substances like ether, chloroform, iodoform, etc., (c) dyes, (<f) 
transparent soaps, and (e) both alcohol and ether arc used for the 
manufacture of smokeless powder. 

(is) As a substitute for petrol under the name power alcohol . 

(iii) As a fuel in spirit lamps and stoves. 

Solid alcohol sold in the market is a dispersion of alcohol in 
saturated calcium acetate with a little stearic acid. 


(iv) For preserving biological specimens. 

(ti) For making automobile antifreeze mixture. 

(tri) In scientific apparatus, e.g thermometers and spirit levels. 

18. Teats.—(i) Iodoform tesL When a few drops of alcohol 
are warmed with iodine and potassium hydroxide, yellow precipitate 
oT iodoform with characteristic smell is obtained. 

(si) Fruity odour test. When alcohol is heated gently with 
•odium acetate and concentrated sulphuric acid, a characteristic 
fruity odour of ethyl acetate is obtained. 

Ethanol can be distinguished from methanol by the fact that 
it) ethanol gives iodoform reaction whereas methanol does not; am) 
(u) ethanol gives acetic acid on oxidation while methanol gives 
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formic acid* Formic acid, being a powerful reducing agent, k 
readily distinguished from acetic acid. 

19. Ascent and Descent of Series and Typical Conver¬ 
sions in Alcohols.— 

(а) Conversion of methanol into ethanol (Asoent 0 / series). 

Different steps involved are : 

HI KCN 4H 

CH.OH —► CH,I —» CH.CN —» 

Methanol Methyl iodide Methyl cyanide 

HONO 

CH.CH.NH, -- CH.CH.OH 

Ethyl amine Ethanol 

(б) Conversion of ethanol Into methanol (Descent of series). 
Different steps involved are : 

O O NaOH 

CHiCH.OH —» CH.CHO —o CH.COOH —► 

Ethanol Acetaldehyde Acetic acid 


Soda-lime Cl, AgOH 

CH.COONa-- CH, —► CH.Cl —► CH.OH 

Sod. acetate Methane Methyl chloride Methanol 

(c) Conversion of Primary into Secondary alcohol, e.g. 9 
conversion of 1-propanol ( Primary ) into 2-propanol (iSscoadary) 

—H.O 

CH,CH,CH 1 OH-» CH.CH-CH, 

1 -Propanol Cone. H,SO, Propylene 

(Primary alcohol) 

HI KOH 

—► CH.CHICH, —► CH.CHOHCH, 

Isopropyl aq. 2-Propanol 

iodide (Secondary alcohol) 


(d) Conversion of Secondary into Tertiary alcohoL 

Secondary alcohol is oxidised to ketone which is treated with a 
Grignard reagent to get tertiary alcohol. For example, 


CH *yCHOH 

CH,' 

Isopropyl alcohol 
(Stooadary) 

H ,0 


CH,. CH.Mgl CH,. yOMgl 

c-o-- X 


CH,/ 
Acetone 

CHi^ 

CH.- 7 COH 

CH,/ 


CH,' ^CH, 
Addition product 


Mg; 


/ 


OH 




fcrr-Butyl alcohol 
(Tertiary) 

(e) Conversion of Primary alcohol Into Tertiary alcohol. 

For this primary alcohol is first converted into secondary alcohol 
which is then converted into the tertiary alcohol, as given in (c) and 
(d) above. 

A primary alcohol with a branched chain can bo directly con¬ 
verted into tertiary alcohol as follows : 
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FERMENTATION 

20. What is Fermentation ?—Slow decomposition of organic 
compounds like souring of milk, putrefaction of meat, preparation 
of wine and vinegar from cane juice are termed Fermentation pro¬ 
mises. The process of fermentation was known to the prehistoric 
man* The Somrus (afaPU) of the ancient Hindus and the Tart (cnrrft) 
of the Dravidians were certainly fermented liquors. The scientific 
nature of the process was, however, first explored by Pasteur* \sho 
considered it to be a purely physiological action carried out by the 
living organisms which in turn breathed out carbon dioxide. The 
living organisms bringing about fermentation are called Ferments 
Which arc obtained from vegetable or animal kingdom. 

Liebig ridiculed Pasteur and wrote several articles under a 
pseudo name professing that the process was merely a chemical 
change and nothing more. Today we feel that the truth lies some¬ 
where between the two extremes. 

It is now believed that fermentation is brought about by non¬ 
living, complex, nitrogenous substances (called Enzymes) present in 
the body of living ferments. Fermentation reactions are generally 
accompanied by evolution of gases like carbon dioxide, methane 
and are exothermic. 

21. Conditions favourable for Fermentation. —Various 
factors which influence the process of fermentation are : 

(i) Temperature. At very high temperatures the ferments 
are destroyed while at very low temperature the reaction is extremely 
■low. There is a certain optimum temperature for every fermentation 
reaction, at which it proceeds most favourably. Generally 298-303K. 
is the most favourable temperature. 

(ii) Presence of other substances. Certain nutritive solu¬ 
tions—generally inorganic salt solutions—are added to act as food 
for the ferment cells. 

(m) Absence of preservatives. Substances like boric acid and 
mercury salts which retard the fermentation reaction are called pre¬ 
servatives. They destroy the ferments and should, therefore, be absent. 

(it?) Concentration. Ferments are rendered inactive by high 
concentration of the solution to which these are added. The sphi* 
lions used for fermentation should be sufficiently dilute to favour the 
fermentation reaction. 

(v) Aeration. Mostly the fermentations proceed well only in 
the presence of air. 

22. The Enzymes. —As stated earlier, enzymes are non-living, 
complex, nitrogenous substances present in living ferments. The 
action of the enzyme is more or less like that of a catalytic agent. 
It is definitely a selective and specific action. One enzyme can bring 
about only one che m ical change, so much so, the enzyme—pcnicil* 
Bum, glaucum, that attacks d-tartaric acid would not attack Ltartaric 
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adiL Their activity is enhanced by the presence of another substance 
"Ohenzyme’\ 

The best results are achieved when the temperature is kept at 
about 300K. At too high or too low a temperature the reactivity of 
an enzyme stops short. A true catalyst is not used up in the reac¬ 
tion but enzymes gradually disappear in the process they bring about* 


23. A Few Common Enzyme*.— 1 The following table gives 
the names, origin and functions of common enzymes : 


Nam 

Origin 

Function 


Diastase 

Malt 

Changes starch into malt sugar and 
dextrin. 

330-340K 

Maltese 

Yeast 

Changes malt sugar into glucose. 

300K 

Zymase 

Yeast 

Ferments glucose to alcohol and carbon 
dioxide. 

300K 

Invertase 

Yeast 

Inverts cane-sugar into glucose and 
fructose. 

300K 

Ply tin 

SalKrtf 

Changes starch into sugar. 

310K 

A ceto bar¬ 
ter aceti 

Mycodeim- 

aceti 

Ferments alcohol into acetic acid. 

300-315K 

Pepsin 

Gastric juice 

Changes proteins into peptones. 

310K 


Tanning of leather, changing milk into curd, digestion and 
assimilation of food by the living system are only a few of the 
numerous activities that enzymes are responsible for in our daily life. 
ALCOHOL INDUSTRY 

24. Manufacture of Ethanol by Fermentation. —This is 
the earliest method used for industrial preparation of ethanol. The 
starting materials arc : (i) cheap starchy materials like potatoes, 
maize, barley, rice, and (it) molasses, a by-product in sugar 
industry. 

Two different methods for the manufacture of ethanol are : 

(A) FROM MOLASSES 

Molasses is the general syrup left after the separation of cane- 
sugar or beet-sugar crystals from the concentrated juice. It is a 
dark coloured syrupy mass that still contains about 30 per cent of 
uncrystallizable sucrose and about 32 per cent of invert sugar— 
mixture of glucose and fructose. In India this by-product of sugar 
industry constitutes a suitable and cheap raw material for die 
manufacture of alcohol. The different steps involved in the manu¬ 
facture arc : 

(t) Dilution. The molasses is diluted with water until a con¬ 
centration of 8-10 per cent sugar is obtained in solution. This is 
acidified with a little sulphuric acid to retard bacterial growth* A 
nutritive solution like that of ammonium salts is added to act as 
food for the ferment if sufficient yeast food is not already present. 
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(•7) Alcoholic Fermentation. The dilute solution obtained 
above is taken in big fermentation tanks and some yeast is added 

(5% by volume of the liquid), the 
mixture is allowed to stand for a few 
days, and the temperature is maintain- 
r W w\ ed at about 330K. Fermentation sets 

( @7 in and the enzyme ivertase (present 

* n yeast) converts sucrose into glucose 
/Wl UQy J fructose which are further conver- 

l Mf'0 \fij /|® ted into ethanol by zymase (another 

(sfesL^/ cn/yme present in east). 


Invertase 

CjiHhOjj+HjO > C,H ll O a + C l H ll O a 

Sucrose in yeast Glucose Fructose 


Fig. 18 1—Highl> magnified 
yeart cells It is a singli- 
cell li\mg plant. 


Glucose or 
Fructose 


Zymase 

-* 2C b H 6 OH + 2CO, 

in yeast tthanol 


I he fermentaii^n is complete in al out 3 days. The carbon 
dioxide is recovered and sold as a by-product 

(m) Distillation. The fermented liquor technically Hnown 
as wash or wort contain 0-10 per cent enthanol, the rest being 
water and impurities. It is distilled in a specially designed conti¬ 
nuous still called Coffey still (Fig 18 2) It consists of two tall 
fractionating eolumns called the analyser and the rectifier provided 
with perforated plates. It works on the counter-current principle as 
the steam and alcohol travel in opposite directions through the still. 

STEAM* ALCOHOL VAPOUR 



SPENT WASH BEING HEATED BY 

UQUOR UP GOING HOT VAPOURS 

OF ALCOHOL*STEAM 


Fig. lB^-Distillation of wash in a Coffey still. 
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Steam passes up the analyser and takes away the alcohol 
vapours from the down-coming dilute alcohol. The mixture leaves 
the analyser at the top and enters the rectifier near the base. Has 
it heats the teort flowing through the pipes on its way to the analyser. 
Most of the steam condenses and the alcohol vapours escaping near 
the top are condensed in the condenser. The distillate contains 
about 90 per cent alcohol and the residue left in the still is used as 
cattle feed. 

(t'v) Rectification. Alcohol obtained above contains in addi 
tion to water various other impurities which are removed by care 
fill fractional distillation. Low boiling impurities, e.g. t acetaldehyde, 
distil over as first fraction while high boiling impurities—fusel oil, aie 
collected as last fraction . The middle fraction is about 93-9b per cent 
alcohol called Rectified spirit. 

In modern plants both distillation and rectification are done in 
one operation. 

(B) FROM STARCH 

Important starchy materials used are wheat, barley, rice, maize 
and potatoes. The conversion involves the following steps : 

(1) Conversion of Starch into Maltose. Conversion of 

Starch into maltose which is known as saccharification is carried 
out in the following three steps : 

(t) Malting . Moist barley is allowed to germinate in dark 
rooms at 29UK. Germinated barley called Malt is heated to 330K (to 
atop germination), crushed and extracted with water. The watei 
extract called Malt extract contains the enzyme diastase. 

(ii) Mashing . Starch is treated with superheated steam to 
break the cell walls and expose the starch inside which forma a 
paste-like mass called Mash. 

(in) Hydrolysis. Malt extract is added to the mash at 320-330K. 
Hydrolysis is complete in about half an hour’s time. 

Diastase in 

2(C,H lt 0,)»+flH,0 > n C« a H B1 0^ ft 

Starch malt extract Maltose 

(2) Alcoholic Fermentation. The alcoholic fermentation of 
the maltose solution is carried out with yeast as in the manufacture 
of alcohol from Molasses (see page 2' 142). Maltase present in yeast 
converts maltose into glucose. There is another enzyme zymase 
present in yeast. This converts glucose into ethanol. 

Maltase 

Ci|H||0u+H|0 —t 2C f Hi a O t 

Maltose in yeast Glucose 

Zymase 

CgHuO*-2CfHgOH + 2CO t 

Glucose in yeast Ethanol 

(3) Distillation, and (4) Rectification are carried out as given 
in {A) before (pages 2*142 and above. 

85. By-products of Akohel Industry.—’The Important by-products obtained 
during the manufacture 6f alcohol am : 
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(0 Carbon dioxide. Carbon dioxide It evolved" during 
*« collected and sold as a by-product 

-jay 


VW)7ra»>Y<*\. TV* tat Turnings during rectifia 
ntanly of hightailing ikoWu, e.g., «ny\ alcohols. It is 
Used for the preparation ofamyl alcohols or myi acetate. 

SJ-\ C_ m* _.i Tkmmrn.U.sm USV fl,* .fill .A*, 


7** CQSSiit 

It u Called flusl oil gpg g 


(O') Spot watt. The residue, left in the still after distillation of —«> 
contains nitrogenous matter and is used as cattle feed. 


(r) P otas si um artrogea tartrate. During fermentation of grape juice, 
■ brown crust is formed at the top and is called argoi This contains potaralun 
hydrogen tartrate and is used for the preparation of tartaric acid and Rochelle salt 


26. Absehte Alcohol. —Alcohol mixed with water con tain - 
ing 95'6 per cent of alcohol gives a constant boiling mixture. Anhy¬ 
drous or absolute alcohol cannot, therefore, be obtained by fractional 
distillation. Last traces of water are removed by treating the 
rectified spirit first with quicklime and distilling. Lime-distilled 
alcohol is then treated with anhydrous copper sulphate (white) until 
it does not turn blue or with metallic sodium followed by distillation. 

Modern process for preparing absolute alcohol is by adding a 
■mall quantity of benzene to rectified spirit and disti lling , The first 
fraction is the ternary mixture, a constant boiling mixture 
(b.p. 337 8K) containing water, ethanol and benzene. After all the 
water has been removed, a binary mixture (b.p. 341’2K) c ontaining 
ethanol and benzene distils over. When all the benzene hj.7h~l| 
removed, pure ethanol (b.p. 351 IK) distils over. 


Ternary mixture on standing separates into two layers. Uooer 
layer contains benzene and alcohol while the lower layer contains 
water and alcohol The lower layer on fractional distillation gives 
rectified spirit. This along with the upper layer and the binary 
mixture are added to fresh rectified spirit and the process repeated. 7 

27. Methylated Spirit.— Ordinary rectified spirit is called 
industrial alcohol. Methylated spirit is a mixture composed prin¬ 
cipally of ethanol (90 per cent) to which poisonous and 
materials like methanol, pyridine or mineral naphtha have been 
added. These materials are added to make sure that it will not be 
used for beverage purposes. The process is called denaturing. Pure 
alcohol is subjected to a heavy excise duty but denatured ■h v> h ol 
can be manufactured and sold duty free or with nominal j uty p or 
industrial use. 7 


28. Power Alcohol.— With the advance of civilization the 
demand for petroleum has increased but petrole um resources 
of the world arc still limited and are likely to be exhausted soon. A 
search for alternative fuels has, therefore, been going on since long 
Manufacture of synthetic petrol was the first step in this direction 
and the use of industrial alcohol mixed with petrol and benzene is 
another step in the same direction. Absolute alcohol is mi»-:hu 
with petrol but industrial alcohol is not. In the presence of i»mhww 
however, industrial alcohol mixes with petrol. Alcohol thus %—g 
for the generation of power is called pome* alcohol. India# with 
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her meagre petroleum resources, con solve her petroleum problem 
by manu&ctWing more power alcohol from waste molasses—a by* 
product of sugar industry. 

29. Alcoholic Beverage*. —Liquors used for drinking pur¬ 
poses and containing alcohol as the principal intoxicating agent are 
called alcoholic beverages* These are prepared from different material* 
and contain different percentages of alcohol. There are two type* 
of beverages—distilled and undistilled. Undistilled beverages pre¬ 
pared from grapes and other fruit juices are called wines . Wines 
arc made stronger by addition of some rectified spirit and are called 
fortified urines . 


Some common beverages arc given below and contain colour¬ 
ing and flavouring materials besides a large proportion of water : 



Distilled 



UndistlUed 


Name 

Source 

% Alcohol 

Name 

Source 

% Alcohol 

Whirity 

Malt 

35-40 

Beer 

Barley 

3-6 

Rum 

Molasses 

» 

Cider 

Apples 

2-6 

Brandy or 
Cognac 

Grapes or Wine M 

Wine 

Grapes 

8-10 

Gin 

Maize 

M 

Fort and 
Sherry 

•a 

14-20 
( fortified) 


30. Alcohotonctry.—The strength of a sample of alcohol is found by 
determining its specific gravity and reading the percentage of alcohol against 
that value in the ready reference tables. To estimate the quantity or alcohol in a 
pharmaceutical preparation, 100 cm” of it is diluted with water and distilled till 
100 cm” of the distillate is collected in a measuring flask. Specific gravity of the 
distillate is determined and the percentage of alcohol read against this value from 
ready reference table. 

For excise purposes the percentage of alcohol is expressed in terms of 
proof spirit and tax levied on it. Proof spirit is a mixture of ethanol and wa tfis 
and contains 57*1% of the former by volume. A sample is called over- or under¬ 
proof according as it is stronger or weaker than the proof spirit. For example. 
JO 0 underproof means that 100 volumes of sample contain as much of alcohol 
as 90 volumes of proof spirit. Similarly 10° overproof means that 100 volumes 
of sample contain as much alcohol as 110 volumes of proof spirit. The deter* 
mlnotion of strength of alcohol is called alcobotometry. 

Formerly strength of alcohol was deterroiruJ v n pouring it over gun 
powder and then setting fire to it. The weakest T>o^r..„ alcohol which would 
■flow gun-powder to catch fire was termed proof-spirit. Alcohol which would 
not allow gun-powder to burn was underproof while stronger solutions were 
called overproof. 

UNSATURATED ALCOHOLS 

31. Vinyl Alcohol, CH,=»CHOH.—Vinyl alcohol is unknown. 
All attempts to prepare this result in the formation of acetaldehyde. 
For example, 

AgOH _ Is om erism 

CH,-CHBr-► [CH.-CHOH]-► CHr-CHO 

Vinyl bromide Hypothetical Acetaldehyde 

TOC.Ii-1-83-10 
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Many of the derivative* of this unknown alcohol have been 
prepared and arc quite stable, e.g., vinyl bromide, vinyl acetate, etc, 

32. Allyl Alcohol, 2-Propene-I-ol, CH t sx CH.CH 1 OH.— 
Allyl alcohol is prepared by the following methods : 


(i) By boiling allyl chloride or iodide with tenter. 
CH,-CH.CH,X+H,0 —«■ CH.-CH.CH.OH+HX 
Allyl halirift Allyl alcohol 


(it) By heating glycerol with oxalic acid at 530K. 



Glycerol 



A 


CH.iOOC) 

' "J 

'H (OOC) 

<!:h,oh 

Glyceryl 

dioxalate 


CH, 

Heat II 

--► CH 

—2CO, | 

CH.OH 

Allyl 

alcohol 


Properties. It is a colourless pungent-smelling liquid (b.p. 
370K) miscible with water, ethanol and ether in all proportion*. In 
oily! alcohol are combined the properties of an unsaturated com* 
pound and a primary alcohol. 

(a) Properties of Unsaturated Compounds : 

(1) Addition of hydrogen in presence of platinum. 

Pi 

GH.-CH.CHr OH + H b —► CH.CHrCH.OH 

Allyl alcohol 1-Propanol 

(2) Addition of halogen (chlorine or bromine), 

CH.-CHCHrOH + Bfr —► CH.Br.CHBr.CH.OH 

Allyl alcohol 2, 3-Dibromo-J-propanol 

(3) Addition of halogen acids or hypohatous acids . Allyl alcohol 
adds on halogen acid or hypohalous acids but the addition takes 
place contrary to MarkownikofTs rule. This is due to the presence 
of hydroxyl group which exerts strong inductive effect. Here—I 
effect of the hydroxyl group is stronger than the hyperconjugativc 
effect (seepage 1*101). 

CH.-CH.CH.OH + HBr —► CH.BrCHR.CH.OH 

3-Bromo-1 -propanol 

CH,-CH.CH,OH+H6<i?i —*■ CH,OH.CHCl.CH,OH 

Glycerol P-tnonochlorohydrin 

(4) Oxidation. With alkaline permanganate allyl alcohol is 
osidiaed to glycerol. 

CHM-zCH-CHtOH+HiO+lO] —OH.CHOHCHgOH 

Glycerol 

(b) Properties of Alcoholic Group ; 

(5) With metallic sodium. Hydrogen is liberated with sodium* 

2CH.sBCH.CH.OH-f 2Na —* ZCH.^CH.CHiONa+H, 

(6) Esterification . With organic and inorganic acids it gives 
esters, 

OH ^ CO IPy±jyI OCH..CH-CH, —> CH.COOCH..CH—CH.+H.O 
___ Allyl acetate 

CH.—CH.CHt l OH -f JH I C\—+ CH.-CH.CH.CI + H.0 

Allyl chloride 
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(7) O mddim of alooMio group. If* it is desired to oxidise only 
the alcoholic group in allyl alcohol it is accessary to protect the 
double bond. This it done by addition of bromine before oxidisiny 
and its subsequent removal with zinc dust in meth&nolic solution. 


CH, 

I 

CH 

<!h,oh 

Ally! 

alcohol 


Br, 


CH,Br 


roj 


HNO, 


^H,OH 
2, 3-Dibromo- 
I-propanoI 


CH.Br 

T Zn+ 
CHBr 


CH.OH 


ioOH 

2, 3-Dibromo- 
propanoic Acid 


CH, 

I 

CH 

loon 

isr 


On oxidation without previous protection of double bond, the 
chain gets ruptured at the position of the double bond in addition 
to oxidation of alcoholic group and a mixture of oxalic acid and 
formic acid is obtained. 


CH, 

» 

CH 

dw.OH 


[O] 

—► 


COOH 

1 + HCOOH 

COOH Formic acid 

Oxalic acid 


QUESTIONS 


A. Essay Type : 

1. State the reactions and the experimental conditions, if any. to obtain 
primary alcohols from the following compounds : 


(a) an alkyl hydrogen sulphate, 
(c) a Gngnard's reagent. 


(6) an ester. 

(d) an amine. 

(Delhi B.Sc. Hons. Sub. 1976 Supp ) 

2 What are alcohols and how are they classified 7 What do you under¬ 
stand by primary, secondary and tertiary alcohols 7 How p will you distinguiah 
between these classes of alcohols 7 (Jammu B.Sc. 1977 ; Delhi 1976) 

3. What are general methods for the preparation of alcohols 7 

(Delhi B.Sc. 1976) 


4 . How is methyl alcohol obtained on a large scale and by what chemical 
tests is it distinguished from ethyl alcohol 7 (Delhi B.Sc. 1976 Supp.) 

5 Give a brief account of the method of manufacture of absolute 
alcohol from a starchy material. Explain the chemical changes occumng at ert 
ltaM {Jammu B.Sc. 1975, 77) 


6. Describe the manufacture of ethyl alcohol from molasses. How would 
you convert ethanol into acetaldehyde and ethyl are tote 7 

(Delhi B.Sc. 1978 Supp., 76 ; Jammu 1975, 77) 


1. Illustrate Victor Meyer’s and one more method for distinguishing 
primary, secondary and tertiary alcohols. {Delhi B.Sc. 1981 ; Hons. Sub. 1976) 

g. write short notes on : (fl) Power alcohol, (b) Alcoholometry. (a) 
Proof spirit, {d) Absolute alcohol, (e) Denaturant. 

9. On what evidence is n-propyl alcohol given the formula 
CH,.CH,,CH|OH 7 How may n-propyl alcohol be converted into : 

(a) n*Butyl alcohol; (ft) Ethyl alcohol; (c) Isopropyl alcohol 7 
!0. How U allyl alcohol obtained from glycerol 7 Give a brief account 
of what you know about allyl alcohol. 

11. Indicate briefly the methods for the manufacture of isopropyl alnhi 
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12. What arc primary, secondary and tertiary alcohol* ? Starting with a 
Grigiiaid reagent, how would you obtain each of them ? State whit happen 
when the three types of alcohols are : 

(0 Oxidised, and 

(if) Dehydrogenated catalytirally. (Punjab B.Sc . 1974) 

13. Starting from A bow will you prepare B ? 

A B 

(i) Isopropyl alcohol 2-Methyl-2-hexanol 

(/0 Secondary butyl alcohol 3-Methyl-3-pentanol. 

(Punjab B.Sc . 1976 Sapp/.) 

14. How will you analyse alcohols with the help of Infrared and NMR 

spectra ? (Punjab B.Sc. 1975) 

15. Indicate the absorpticn bands expected in the IR spectrum of 

CHg—CH*OH. (G.N.D. B.Sc. 1976) 

H. Write a short note on the spectroscopic analysis of alcohols. 

(Punjab B.Sc. 1976) 


B. Short Answer Type : 

1. Give structural formulae and IUPAC names of the following 
organic compounds : (0 see. Butyl alcohol; (IQ DiethyKcaibinol; (Hi) Ethylrnethyi 
isopropylcarbinol ; (fv) isoamyl alcohol. 

I Write down the possible structural formulae and IUPAC names of 
various alcohols represented by the molecular formula C,H la O. 

3. Give the reagents used and conditions employed for each step 
involved to bring about the following conversions : 

(Q Acetaldehyde from ethanol. 


(//) Ethyl acetate from ethanol. 

(WQ Methanol from ethanol and vice versa, 

(b) Primary alcohol from secondary alcohol and vice versa. 

(Delhi BSc . 1981 ; Rajasthan 1970) 

4, How are the following conversions effected ; 

(0 ethanol into propanol. 

(if) 1-propanol inlo 2-propanol 7 (Delhi BSc. Hons. Sub . 1977) 

5, Give chemical tests to distinguish between : 

(Q /jo-Propyl alcohol and it-propyl alcohol, ( Delhi BSc m 1976) 

(ti) see-Butyl alcohol and isobutyl alcohol. (Delhi B.Sc. Hans . 1976) 


6. Describe the reaction between ethanol and sulphuric acid under 

different conditions. (Delhi BSc . 1976) 

7. Give two reactions of 1-propanol in which hydrogen atom of OH 

group reacts and two reactions in which hydroxyl group as a whole participates. 
How do you account for such a behaviour ? (Delhi B.Sc. Hons . 1976) 


S. What products are formed on dehydration of 2-Butanol 1 State the 
law which governs the elimination. (Delhi B.Sc. Hans. 1976) 

9. Outline the stages involved in the following conversions ; 

(i) Isopropyl chloride to n-propyl chloride. 

(if) Propone to 2, 3-di methylbu lane. 

(Hi) Acetic acid to isopropyl alcohol. (Delhi B.Sc. Hans . 1976 ) 

Iff. Give reasons to explain the Tact that tertiary alcohols reed less 
rapidly with metallic sodium but more rapidly with organic acids as comp ared to 
primary alcohols. (Delhi BSc. Hams. 1976) 

It. Give equations to represent the oxidation of primary, secondary and 
tertiary alcohols. Name the products in each case. (Pwtfabi BSc. 1976 S*pp.) 


12 . 


Lower m ember s of alcohols are soluble in 


iter. Rxplaia vrfyy. 


1976 Supp.) 
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13. Alophota have higher boiling point* than correspond! og alkanes, 

£aplaln why. IfunjobB.St.1976 5m > 

14, Two bottfot are supposed to contain chloroform and allyl alcohol. 
Hew will you establish their identity 7 Give one test in each case. 

{Delhi B.Sc. Hons. ]976) 

i. Two unUbefled bottlca contain chloroform and methanol. How 
would you identify them ? Give one test in each case. 

{Delhi B.Sc. Horn. Sub. 197 ') 

16. Write equations for the reactions between : 

(а) Sodium amalgam and water* (ij acetyl chloride ; (ff) aoetaldehyde 
(iii) acetone. 

(б) Methylmagnesium iodide+(0 acetyl chloride; (it) acetaldehyde 
and (iff) acetone. 

(c) Methanol, *(/) sodium ; (i/) acetyl chloride ; ( Hi) ethylmaghfesium 
iodide ; (;v)ltydriodic acid ; (r) PC» t or TCI,; 

(d) Allyl alcohol-f(i) H,: (if) Br f , f fff) HBr ; (b) HOCI ; (e) alkaline 
permanganate ; ((Q Na ; (vii) acetic acid ; (riff) Hydrochloric acid \ 

(ijr) HNO, (with and without protecting the double bond). 

17. Diicuss the hydrogen bonding in alcohols. (Punjabi B.Sc. 1976) 

18. What is protonation of alcdhols due to 7 What different kinds of 
reactions protonaied ethanol might undergo 7 

19. Show how would you utilize hydrobo ration-oxidation procedure to 
prepare each of the followirg alcohols ; 

(a) l-Hex&nol ( b ) 3, 3-Diemctbyl-l-batanol. 

20. How would you prepare each of the following alcohols by acid- 
catalysed hydration or the appropriate alkenc. 

<0 2-Pcntanol (ii) CyclopenUnOl (/if) ttrr-Butyl alcohol 

21. Allyl alcohol, CH,=CH—CH,—OH, reacts immediately with Lucas 
reagent, although it is a primary alcohol. Explain why. 

22. Acid catalysed hydration of 3,3 dimethyl T*butene give 2,3 dimethyl-2- 
butanol as the major product. HOw can you account for ‘this 7 

23. Show how you might employ the oxymereuratioir-denMiircuration 
method for preparing each one of the following alcohols ; 

(i) 2-Pcntanol (M) Methylcyclohcxanol 

(iff) 2,4,4-TnmethyI-2-pentanol. 

24. Show how you might prepare 2-Methyl-2-butanol through a Grignard 
syncthcsis in two different ways. 

25. ( a) Describe (in outlines orily) the manufaeture of ethyl alcohol 

from molasses. {Deihi B.Sc. 1979 Supp.) 

26. How does ettanbl tenet with The following : 

(i) Cone H a S0 4 , (it) HI. (/ii) reduced copper heated to 570K. 

{Deihi B.Sc. 1978 Supp.) 

27. How is ethyl alcohol converted into ethylene end ether 7 

(Delhi B.Sc. 1978 Supp.) 

28* Write a short note on fermentation. (Deihi B.Sc. Hons. 1978) 

29, How will you convert the following 7 
(t) Primary acohol into tertiary alcohol. 

7 

Iff) n*G»H f COOH —w »<H.OH 


(Deihi B.Sc. Hons. 1978 ) 
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30. Give the mechanism or add-catalysed dyhydration of alcohols. 

(DM B.Sc, 19*1) 

31. State the action of the following on ethyl alcohol: PCI,, (it) H,SO, 

WO COJCOOH (iv) Bleaching powder. (Delhi B.Se . Hon* Sub. mi) 

G. Problemi: 

1. Derive the structure of an organic compound from the following data ; 

(а) On bromioation 2*9 g of the compound yields 10*9 fg of the bromo- 
dertvattve (C^HjOBr,). 

(б) On treatment with hydrochloric acid, 2 9 g of the compound yields 
3'83 g of the chloro-derivative (C,H,C1). 

(c) On reduction, the compound yields n-propyl alcohol. 

(d) On treatment of the compound with sodium, hydrogen is evolved. 

(#) The molecular formula of the compound is CtH,0. 

2. An organic compound A containing 62*07% carbon and 10‘35% 
hydrogen, was obtained by the oxidation of a compound R containing60% 
carbon and 13*33% hydrogen and vapour density 30. The compound A on 
treatment with PCI| gave a compound C the vapour density of which was S6‘3. 
On oxidation A gave an acid D, the silver salt of which contained 51*5% silver. 
Write the structural formulae of A, B, C and D. 

3. An alcohol CpHjiOH gives a ketone on oxidation. On dehydration 
the alcohol gives alkene. The alkene on oxidation give acetone and acetic acid. 
Assign structures to the alcohol and the reaction products mentioned above. 

4. An organic compound CatLO (A) may be reduced to C,H,0 (B), 
which further reacts with thionyl chloride to give C.HtCl (C). The Grignaid 
reaaent obtained from C reacts with A to produce C t Hi|0 (D) which gives on 
oxidation the ketone C«H Aa O (E). A does not give iodoform reaction. Identify 
the compounds A to E 

5. An organic compound C*H,0 (A) gives on oxidation C t H,0 (B); 
which on further oxidation with iodine and caustic soda yields the salt of G,H,Oj 
fC). D reacts with ethylmagneuum iodide to give C,H lt O (D). Identify the 
compounds A to D. 

6. A primary alcohol C 4 HuO (A) reacts with thionyl chloride to give 
GaH,CI (B). On suitable treatment both A and B give C 4 H V (C) which reacts 
with hydrochloric acid to give D. an isomer of B. The compound C on oxida¬ 
tion gives CflHtO, (B) together with carbon dioxide and water. 

Identify the compounds A to E. 

7. An organic compound CtH c O (A) gives on oxidation C.H,O b (B). 
A reacts with ethylmagoesium iodide to give CjH,fO TO which on dehydration 
gives CiH lt (D). With acid permanganate D is o;.idised to B and C M l 1,0, (E). 

Identify the compounds A to E. 


ANSWERS 

B. 1. (/) CH,CH,.CHOH.GH, (2-Butanol) 

(ii) CH,CH,.CHOH.CH fl CH , (3-Pentonol) 

(Hi) CH,GH-COH.CHtGH| (2 t 3-Dlmethyl-3-P€MQnol) 


1m, 1m, 


(/») CH,.CH.CH,.CH,OH or CH,.CH,.CH.CH,OH 

1m, 

(3-Methrl-l-tmlanol ) (2 Methyl-1 Jmtanol) 

. (f) CH,-CH,.CH 1 .CH,CHfOH ( t-Pmumol ) 

(0) (CM,),CH.CH,.CH 1 OH (3-Mithyl■]-butanol) 

(M0 CH,.CH,-CH.CH,OH (2-Metkyl-l-twlanol) 

Ln 
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(fr) (CH»)aC.CH a OH ( 2 , 2-Dimethyl-I-propanol) 

(») CHt.CHt.CHt.CHOH.'CHa (2-Pentanof) 

(W) CH|.CH 1 .CHOH.CH l CH l (3-Pentanof) 

(viQ (CH a )|CORCH t .CH, {2-Methyl-2-butanoD 
(vUS) (CH,) t CH.CHOH.CH t (i-J WtthyUl-butanol) 

IB, Alcohols behave as nucleophiles due to the presence of lone pairs o» 
oxygen atom. 

Different kinds of reactions: 


CHf-CHt — 


<|P-jf4x e 

H 


PHOTON TRANSFER 



H 


SUBSTITUTION 



elimination 


C. 1. CH|—CH.CH.OH (Allyl alcohol) 

[O] 


CH.CH.CH.OH 
■-Propyl alcohol (B) 


C.H.CHO 
Propionaldehyde (A) 


[O] 


C,H,CHC 


C.H.COOH 
Propionic add (C> 


(CH|) a CH.CHOH.CH a 
3-Methyl-2-butanol 
(Alcohol, C.H..OH) 

j—H.O 

(CH,),C-CH.CH, 

2-Mcthyl-2-butcnc 

(Alkene) 


jCHCli 
' Propylidene chloride (D) 

[O] 

—► (CH a )iCH.COCH B 

3-Methyl-2-butanone 
{Ketone) 


—i ch! > c ”° + CH,COOH 

Acetone 


A A is C,H,CHO (Propionaldehyde) 

B is CHj.CH, .CH,OH (n-Propyl alcohol) 

C is CH t .CH|.CH,Cl (n-Propyl chlor ■ le) 

D is CH,CH,CH t .CHOH.C,H I (3-flexonol) 
E is CH.-CHj.CHjCO.CtH, (3-Hexanone) 


5. A is (CH a ),CHOH (2-Propanol) 

B is CH|CO.CH| (Acetone) 

C is CHjCOOH (Acetic acid) 

D is (CH a ) a COH. CjH, ( 2-Methyl-2-butanol) 

6. A is CH a .CH a .CM|.CH a OH (1-Butanol) 

B is CH a .CH a .CH,CH a Cl (J-Chlorobutane) 

C is CH a .CH a .CH-CH, (I-Butene) 

D is CH a .CH a CHCLCH a ( 2-Chlorobutane ) 

E is CK..CH..COOH (Propanoic acid) 

7. A is CH,.CH a .CHO (Propionaldehyde or Proppnal) 
B is CH,.CH,.COOH (Propionic acid) 

C is CH a .CH a .CHOH.CH a .CH, (3-Pentanol) 

D is CH a .CH,.CH~CH.CH, (2-Pentene) 
fiis CH.COOH (Ethanoic add) 




Dihydric and Trihydric Alcohols 




1. Dihydric Alcohol* •—Alcohols containing two hydroxyl 
groups are called dihydric alcohols or glycols. The two hydroxyl 
groups are attached to two different carbon atom* as two hydroxyl 
groups attached to the same carbon atom make the compound un¬ 
stable and water is eliminated (see page 2'122). 

Glycols are classified as a, P-, y-, ... glycols according to the 
relative positions of the two hydroxyl groups. 1, 2-glycol is termed 
a«> 1, 3 is called 1, 4 is known as y-, and so on. 

2. Nomenclature. —The common names of the a-glycols are 
derived from the corresponding olefins from which these may be 
prepared by direct hydroxylation. According to the IUPAC system 
of nomenclature, the class suffix is -did and these are considered as 
derivatives of alkanes. Thus IUPAC name is alkanediol. Names of 
some individual members are : 


Formula 

CH t OH.CH a OH 

CH*CHOH.CH, OH 
CH.COH.CH.OH 

^H, 


Common name 

Ethylene glycol 
or Glycol 
Propylene glycol 
Isobutylene glycol 


IUPAC name 

1.2- Ethanediol 

1.2- Propanediol 

2-Methyl-1, 2-propane¬ 
diol 


p-, Y-t ... glycols are named as the corresponding polymethylene 
glycols. For example, 

Formula Common name IUPAC name 

CH a OH.CH a .CH a OH 1 rimethylene glycol 1 9 3-Propanediol 

GH a OH*(CH|) 1 .CH t OH Pentamethylene glycol 1, 5-Ptntanediol 


3. Ethylene Glycol, Glycol (/, 2-Ethanedid ).—Glycol* 
CS^OH.CHjOH is the simplest and the most important dihydric 
alcohol akftd may be prepared as follows : 


(t) Bv vowing ethylene into cold dilute albaline permanganate 
solution. %ylenc is oxidised to glycol, 

CH| CH.OH 

H +JO]+ 

CH t CH.OH 

Ethylene Glyool 

(is) By hydrolysis of ethylene bromide by boiling {under reflux) 
with aqueous sodium carbonate solution (Laboratory method). 


CHfBr CH.OH 

+ N - C °- +H ‘° — i„.OH + 2N -' +C °- 

ethykaw bromide Glycol 
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The reaction mixture it refluxed till oily globules of ethylene bronrids 
di s ap p e ar. The resulting solution is evaporated on a water bath. Glycol Is 
extracted ft om the semi-solid residue with ether-alcohol mixture. Glycol is 
reco vere d from the solution by distillation. 

Some ethylene bromide is converted into vinyl bromide. The 
yield is, therefore, low. 

CH.Br CH, 

J_+ Na.CO, —» | + NaBr + NaHCO. 

CH.Br CHBr 

Vinyl bromide 

If caustic soda {aqueous) is used in place of sodium carbonate 
vinyl bromide is again obtained as by-product. The beat yield of 
glycol (83-84%) can be obtained by heating ethylene bromide with 
potassium acetate in glacial acetic acid. Glycol diacetate thus obtain¬ 
ed is hydrolysed with dilute caustic soda solution. 


CH.Br + 

K| OOCCH. — 2KBr 

J - ’ _ 1 

CH,| Br 4 . 

KlOOC.CH, acetic 

acid 

CH.IOOCCH, + 

1 

NajQH 

-► 

CH.jOOCCH, + 

Na)OH 


CH..OOC.CH, 

d»,.6oc.cH( 

Glycol diacetate 
CH.OH 

I +2CH,COONm 

CH.OH 


(m) Glycol iu prepared industrially by passing ethylene inio 
hypochiorous acid and hydrolysing the ethylene cMorohydrin formed by 
boiling with aqueous bicarbonate. 


CH, 

R + 

HOC1 —» 

CH. 

Hypochiorous 

Ethylene 

acid 

CH,a 

^H,OH + 

NaHCO, —► 


CH.C1 

^H.OH 
Ethylene 
chloro hydrin 

CH.OH 
CH.OH + 


NaCl + CO, 


(in) By hydrolysis of ethylene oxide with dilute hydrochloric acid 
(Induetrial method). Ethylene oxide is prepared by passing a 
mixture of ethylene and air under pressure over silver catalyst at 
470-670K. 

Ag catalyst CHj^^ H.O CH.OH 

470-670K * d:H/ ° DiL HO tn.OH 

Ethylene Ethylene 

oxide glycol 


CH. 


CH. 
Ethylene 


+K>. 


4. Properties of Glycol.— 

(а) Phyeicml. Glycol is a colourless, syrupy liquid (m.p. 
26T5K ; b.p. 400K) sweet in taste. The sweet taste is indicated by 
the prefix ^ (Greek, GWfeu#»swcet). It is miscible with water 
and ethanol in all proportions but is insoluble in ether. 

Due to its two sites for hydrogen bonding per molecule glycol 
has a high boiling point and is also highly soluble in water. 

(б) Chemical. There are two primary alcoholic groups prese nt 
in glyooL Its reactions are. therefore, as expected of a monohydiie 
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primary alcohol. The two primary alcoholic group*, however, are 
not equally reactive ; one group always completely react* before the 
other is attacked. Further the two groups can be made to undergo 
two different types of reactions. 

(1) Action of sodium. Monosodium glycollate is obtained 
when glycol is treated with sodium at 320K while disodium derivative 
is obtained at 430K. 

CH.OH Na CH.ONb Na CH.ONa 

d:H,OH 320K (CH.OH 430K Ah.ONs 

Olycol Mono sodium Disodium 

glycollate glycollate 

(2) Action of hydrogen chloride. Hydrogen chloride converts 
glycol into ethylene chlorohydrin at 430K whereas ethylene chloride 
is formed at 470K. 


CH.C1 

Ethylene 

chloride 


CH.OH HO CH.C1 HC1 CH.Cl 

d;H,OH 430K (^H.OH 470K 

Olycol Ethylene 

chlorohydrin 

(3) Action of phosphorus halides. On treating glycol with 
phosphorus trichloride or phosphorus tribromidc, the corresponding 
ethylene halide is obtained. 

CH.C1 PCI. CH.OH PBr, CH.Br 

iai.Cl 4 CH.OH ^H.Br 

Ethylene chloride Glycol Ethylene bromide 

With phosphorus triiodide, however, glycol gives ethylene. 
Ethylene iodide which is formed as an intermediate product, readily 
loses a molecule of iodine to form ethylene. 


CH.OH 

(^H,OH 

Glycol 


PI. 



Ethyl 

(Intermediate product) 


CH. 

N + 
CH, 

Ethylene 


1 . 


(4) Action of acids. Organic acids or inorganic oxy-acids give 
mono- or di-ester with glycol depending upon their relative amounts. 
For example : 

(t) Glycol diacetate is obtained with acetic acid in the presence 
of a little sulphuric acid as catalyst. 


ch.o !h 

iH,o|fr 


JJOIOC.CH, H,SO, CH.OOCCH, 

*+■ ‘ 1 "► | + 2H.O 

CH.OOCCH, 

Glycol diacetate 


HOlOC.CH, 


Glycol (Two molecules) 

(h) With a mixture of cone, nitric acid and cone, sulphuric 
acid glycol gives ethylene dinitrate. 

CH.OH CH..ONO, 

I +2HNO, -*» I 4- 2H.0 

CH.OH CH.ONOg 

Ethylene dinitrate 


(5) Oxidation. When glycol i* oxidised with nitric add, all 
theoretically possible oxidation products are obtained though in very 
poor yields except glyooUic and oxalic adds which may oe readily 
isolated to good yield. 
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CH.OH [O] CHO 


c!h,oh 

Glycol 


Lh,OH 

GlycoLaldehyde 


CHO 

Jmo 

GlyoxaJ 


COOH 

dn.OH 
Glyoollic acid 

| [O] 

COOH [O] COOH 

^HO * ioOH 
Glyoxalic or Oxalic add 
Glyoxylic acid 


Oxidation of glycol with acid permanganate, acid dichromate, 
and tetra-acetate—(CH 3 COO) 4 Pb or periodic acid (HIO t ), result* 
in the fission of the carbon-carbon bond. 


CT.OH [O] 

t^H.OH HIO, 

CH.OH [O} 

c!m,OH Acid K.Cr.O, 


HCHO + HCHO + H.O 
HCOOH+ HCOOH + H.O 


(6) Condensation with aldehydes or ketones . Glycol condenses with 
aldehydes or ketones in the presence of acid to give cyclic acetals or 
cyclic ketals respectively. 


CH,0 H 


dlH.O H 

+0 mCH.CH, 

Acetaldehyde 

CH.OlH" 

✓CH, 

+o-c<; 

N CH, 

c!h,o!h_ 


Acetone 


CH,Ov >CH, 

UoXcH. 


(7) Dehydration, (i) With dehydrating agents like sulphuric add 
or ainc chloride glycol is converted into acetaldehyde. 

H 


H —C—OH 
HO-C-H 
H 

Glycol 


—H*0 CHOH lsomcrises 

-* II-► 

CH, 

Vinyl alcohol 
{Hypothetical) 


CHO 

<!». 

Acetaldehyde 


fii) When heated above 770K, glycol yields ethylene oxide. 


CH,— OH 
(1h,OH_ 

Glycol 


A./° 

Ethylene oxide 


+ H.O 


(til) It gives dioxan (an industrial solvent) when distilled with • 
little sulphuric acid or concentrated phosphoric acid. 

HOj—CH,—CH,—Op? —2H.O /CH,—CH,. 

H^CT- CHr-CH,—(OH * N3J.-CH,' 

Glycol (2 mol.) D*®" 8 
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5. UmIi—(») As an antifreeze* in automobile radiators. 

(it) As a solvent and as a preservative. 

(it*) Its dinitrate is used as an ezploaive with triiutrogiycerine. 

(tv) As a substitute for glycerine in commerce but not in 
medicine as it is readily oxidises to oxalic add (poisonous). 


(*) As a cooling agent in aeroplanes instead of water. 


6 . 


Ethylene Oxide (epoxyethane). 



Preparation. Ethylene oxide may be prepared : 

(i) By distilling et hy l en e aklorohydrin with concentrated potas¬ 
sium hydroxide solution. 


CH.OH 

CH.Cl 

Ethylene 

chlorohydrin 


KOH 


CH ty 

I )o + KQ + H.O 

Ethylene 

oxide 


In commerce calcium hydroxide (cheaper alkali) is used in 
place of caustic potash. 


(**) By passing a mixture of ethylene and air under pressure 
silver catalyst at 500-700K {Industrial method). 


CH, 

i 

CH, 


lO, 


CH, 


"* drH, 


>° 


Properties. Ethylene oxide is a colourless gas (b.p. 360K) f 
soluble in water, ethanol and ether. Its chemical properties may be 
summarized as follows : 


H.O | 

CH.OH 

<^H,OH 

Olyool 


O 


I C,H l OH | CH.COOHj NH, 

__ * + * 

CH.OH CH.OH CH.OH 

Ith.oc.h, <!:h,oocch. ^h.nh, 

Olyool moDoethyl Olyool mono- Hydroxy- 

ether acetate ethyUunine 


(tthanalamin* 



• Wster ueed for cooling in a car radiator Is likely to freeze if the 
temperature falls below 27HL Water expands on freezing and this may cause 
the engine block to burst. It is, therefore, necessary to mix something with 
water so tower its freedng point. 

Due to its high aohibiHty and low volatility, glycol is mud for this 
purpose and is termed antifreeze. Water containing 40% glycol teams at about 
2&4K, 49 degrees below its normal freezing point. 
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sjg 




Cone. HCN 


(Ih.CN 
Ethylene Ethylene 

bromohydrin cyanohydrin 

CH,. yCH, 

+ <, — 
Ethylene Grignard 
oxide reagent 


Iff *3. 

CM, <JhO 

Ethanol Acetaldehyde 

CHi-CH, H|0 

CHn—OMgl * 

Addition product 


CH,—CH, 

CM, OH 
Propanol 



Uses. (») Ethylene oxide mixed with 10% CO a is an excellent 
fumigant for tobacco, grain, etc., and is sold under the trade name 
T-gas or Etox, 


(tt) It is also used in the manufacture of methyl and ethyl 
cellosolves (useful solvents). 


7. Trthydric Alcohols, C„H|*_ 1 (OH). —The only impor¬ 
tant trihydric alcohol is glycerol, 1,2,3-propanetriol, commonly 
known as glycerine—CH a OH.CHOH.CH 2 OH. It is present in 
almost all the animal and vegetable oil and fats as glycerides (gly¬ 
ceryl esters) of mainly palmitic acid (C lfi H 91 COOH), stearic acid 
(C 17 H Is COOH), and oleic acid (C 17 H„COOH). 


CH, OOC.C I7 H„ 

^HOOC.C|,H tl 

CH.OOC.CnH,. 
Tristearin 


CH,OOC.C„H,, 

<Jhooc.c,,h„ 

CH.OOC.Cj.H,, 
Trlpalmitii i 


CH,OOC.C,,H„ 

<Jhooc.c„h„ 

ch,ooc.c 17 h„ 

Triolein 


8. Manufacture of Glycerol,— Different methods used for 
industrial preparation of glycerol are : 


(1) By the hydrolysis of fats and oils (the glycerides of 
Higher fatty acids). The hydrolysis is carried out for the manu¬ 
facture of soap or higher fatty acids needed for the manufacture of 
candles. In both these cases glycerol is obtained as a valuable by¬ 
product. 

(a) During Soap Manufacture , the hydrolysis is effected with 
an alkali solution (Lye). 



CH.OH 
CHOH + 

<Jh,oh 


3RCOON, 

Soap 

{Sod salt of a 
higher fatty acid) 


After the separation of soap the spent lye or sweet lye is treated 
for the recovery of glycerol. It contains free alkali, some soluble 
soap, sodium chloride (used during salting out of soap), suspended 
Impurities and water. 
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It is taken into a settling tank where most of the suspended 
matter settles down. The decanted solution is transferred to a treat¬ 
ing tank and treated with al umi nium sulphate which precipitates 
free alkali as aluminium hydroxide and soluble soap as aluminium 
soap* This is filtered by passing through a filter press and taken into 
the storage tank. The dilute solution is then concentrated under 
reduced pressure in concentration pan wherein low pressure steam is 
used as the heating material. As the solution concentrates, sodium 
chloride separates and collects in the salt boxes below. 

The concentrated solution is next decolorised with animal 
charcoal and distilled in a vacuum pan wherein superheated steam 
is used for heating. The 30 per cent glycerol obtained may be 
redistilled. 

Distillation under reduced pressure is necessary since glyccvol 
decomposes on heating at much below its boiling point. 


ALUMINIUM TO VACUUM PUMP TO VACUUM PUMP 

SUL PH A TE PPtSSUfif 

' STEAM \ 1 SUPERHEATED 


FILTER 

PRESS 


*GP "W lD HMh r| CT 


SUSPENDED} 
MATTER _ 
SETTLING 
TANK 


iV. 


VACUUM 
PAN f OR 


STEAM 
J 


TREATING 

TANK 


BORAGE 1 SALT 1 WSTIuAIl0N dOjl GL YCEROl 


CONCENTRATION 9 
PAN 


Fig. 19'1—Flow sheet for the recovery of glycerol from Spent lye or Sweet lye. 


(6) During Candle Manufacture , the hydrolysis is carried out 
with superheated steam under pressure in presence of a little sul¬ 
phuric acid. 


CH,o| c!OR + HO |H CH.OH 


01° ICO R + HO |H 

CH,0|C OR + HO|H 
Fat or oil 


CHOH + 3RCOOH 
| Higher fatty arid 

CH,OH ( Waxy solid used in 
Glycerol candle manufacture ) 


The mixture is distilled when fatty arid is left behind as resi¬ 
due* The distillate {sweet water) contains water and glycerol along 
with a little of volatile fatty acids. It is neutralized with some 
sodium carbonate and steam distilled. Volatile fatty acids form 
non-volatile sodium salts and are left behind as residue while a 
dilute solution of glycerol distils over. The dilute solution so obtained 
is concentrated under vacuum and purified as described above. 


(2) By Fermentation of Sugar. Glycerol is present as an 
impurity in alcohol produced by fermentation of molasses. Ittj yield 
increases from 3 to 20-25 per cent when fermentation is carried 
out in presence of sodium sulphite added in suitable proportion* 
Hence fermentation occurs in an alkaline medium provided by the 
hydrolysis of sodium sulphite. This results in greater yield Of 
glycerol which is separated by fractional distillation. 
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(3) Synthetic Glycerol. Glycerol is now also produced ayn- 
thctically as follows : 


CH a 

<!h a *, 

CH,Cl 

ha 

ii 

Na,CO| 

CH,OH 

<!:h 

ii 

1 700-800K. 

420K ; 

CH. 

CH, 

12 atm. 

CH, 

Propy¬ 

lene 

Allyl 

chloride 


Allyl 

alcohol 


CH.OH CH,OH 

HOC1 I NaOH I 

CHC1-*• CHOH 

^h,oh I:h,oh 

P-Glycerol Glycerol 

monochiorohydrin 


The starting material, propylene is obtained during the cracking 
of petroleum and constitutes about 30 per cent of the gases obtained. 


Addition of hypochlorous acid to allyl alcohol takes place contrary to 
MarkowmkofPs rule. This is due to the presence of oxygen atom which exerts 
strong inductive effect. Here -1 effect of the hydroxyl group is stronger than the 
hyperconjugative effect. 


An alternative route for getting glycerol from allyl chloride 
stained above is : 


HOC1 

aCH a CH-CH t -* 

o 


ClCH a CHOHCH z Cl 

+ 

CICHoGHClCHgOH 


/ \ NaOH 

CH a — CHCH a Cl-► CH a —CH.GH a 

epichlorohydrin | | | 

OH OH OH 

glycerol 


} 


CaO 


9. Properties of Glycerol.— 

(a) Physical, Glycerol is a colourless, odourless, syrupy liquid 
(Sp. Gr. 1‘265), sweet in taste. It is miscible with water and ethanol 
in all proportions but is almost insoluble in ether. Pure glycerol 
boils at 563K with slight decomposition and on cooling gives trans¬ 
parent crystals (m.p. 290K). It is very hygroscopic in nature. 

Due to the presence of three sites for hydrogen bonding, inter- 
molecular forces arc strong. This is responsible for its high boiling 
point and high viscosity (syrupy nature). Its high solubility is also 
due to the presence of three sites for hydrogen bonding with water. 


(6) Chemical. Glycerol contains one secondary and two 
primary alcoholic groups, and it undergoes many of the reactions to 
be expected of these types of alcohols as given below : 

(i') Adion of Sodium . When glycerol is treated with sodium, 
monosodium glycerolate is readily obtained and the disodium glycc- 
rolate less readily. The third, secondary alcoholic group is not 
ttacked at all. 


CH,OH 

(Wh 

<!h,oh 

Glycerol 


Na 


CH.ONa 

cIhoh 

^H,OH 

Monoftodium glycerolate 


Na 


CH.ONa 

Ahoh 

c!h,on« 

Disodium glycerolate 
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(ii) Action with Hydrogen chloride. Glycerol reacts with 
gaseous hydrogen chloride at 370K to give both a- and Mjreml 
mottOchlorohydriiUt the former being about 66%. Continued action 


uonochlorohyd 

with hydrogen chloride taken in excess produces glycerol a 
ddorohydnn, and a, (J-dichlorohydrin, the former being 


a'-di* 

about 


55-57%. 

CH.OH 
I HQ 

CH 




IOH 


.OH 


3THK 


CH,CI 

twOH + 
dw,OH 

•-glycerol 


Ehctsi 

of 


HQ 


CH|Q 

^HOH 

^h,q 




dichlorohydrins 


CH.Q 

hua 

dlH,OH 


CH.OH 

^HQ 

^H,OH 
B-glycerol 
monochloro hydrins 

Glycerol itself or any of these chlorohydrins when treated witb 
phosphorus pent&chloride yields glyceryl trichloride. 

CH.OH CH.Cl CH.a CH.C1 

duOH or ^HOH or <bci Ana 

dlH.OH A:H.C1 AjH.OH cL.a 

Glycerol DichJorobydnns Glyceryl trichloride 

Hydrogen bromide and phosphorus tribromide react in the 
same way as hydrogen chloride given above. 

(m) Action of Phosphorus triiodide .. When glycerol is treated 
with a small amount of hydrogen iodide or phosphorus triiodide 9 allyl 
iodide is the main product. 

An unstable triiodide is formed as an intermediate product 
which loses iodine to form allyl iodide 


CH.OH 

Jmoh 

drH.OH 

Glycerol 


HI or 

PWP+U) 


CH,I 

Ahi 

Ah.i 


-I. 


CH, 

I 

CH 

<^H,I 


Allyl 

iodide 


(*>%) 


Glyceryl 
triiodioe 
(unstable) 

When a large amount of phosphorus triiodide is used allyl iodide 
further reacts to give isopropyl iodide which is the main product. 

CH. CH. CH. CH. 

ch - 5 L. A™ -i. Ah - 51 * Am 

d:H,i ch, Ah, 

Allyl iodide Propylene Isopropyl iodide 

(iv) Action of Acids , On treating glycerol with monocarboxy- 
lic acids, mono-, di- or tri-esters are obtained depending upon the 
amount of acid used. High temperature and an excess of add 
favour lurmation of the tri-ester. For example, with a well-cooitd 
mixture of concentrated sulphuric acid and fuming nitiic acid, nitre* 
glycerine is formed. 


CH.OH 

Ahoh 

CH.OH 

Glycerol 


3HONO. 
Nitric add 


CH..ONO. 
C^H.ONO. 


+ JH.O 


j.ONOm 

fsss&sr 
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Similarly with acetic acid or acetic anhydride, mono-, 
tri'acetates arc obtained. 


CH.OOCCHi 

(Wh 

^h.oh 

Monoace tale 


CH.OOCCH, 

(I;hoh 

^H.OOCCH, 
Diace t ate 


CHfOOCCHa 

^HOOCCH. 

ifl.OOCCH, 

Triacetate 


( 0 ) Oxidntton. Theoretically glycerol can give rise to a large 
variety of oxidation products. The actual products obtained, in 
pr'ictice, however, depend on the nature of ^Idising agent. 


CH.OH 

1 ° 

6hoh-» 

tllljOH 

Glycerol 

i. 

CH.OH 

io JU 

dlH.OH 

Di h> dmyaccione 


CH.OH CH.OH 

1 ° L ° 

CHOH-- CHOH -* 

d-HO toOH 

Glyceraldehyde Glyceric acid 


I 

4 

COOH 

I O 

ro -» 

COOH 

Mesoxalic acid 


COOH 

t^HOH 

d'OOH 

Tarlronic acid 

i 


COOH 

COOH 
Oxalic acid 


—CO.+H.O 


Dilute nitric acid oxidises it to glyceric anil taitronic acids 
nhile concentrated nitric acid produces mainly glyceric add (vield 
-83%). Bismuth nitrate converts it into mainly mesoxalic acid. 

Bromine water, sodium hypobi omite or Fenton's reagent 
^H s O t 4 -FeSO t ) oxidise it to glycerose —a mixture of glyceraldehyde 
and dihydroxyacetone. 

Strong oxidising agrnts like warm acidified potassium per¬ 
manganate break it down to oxalic acid, carbon dioxide, ctr. 

(r/) Dehydration, When heated alone or with dehydrating 
a gents like potassium hydrogen sulphate, concentrated sulphuric acid 
»r phosphorus pentoxirir, glycerol is dehydrated to form acrolein 
(a rylaldrhydr). 



Glycerol 


CH, CH t 

I Rcarrangemcin 0 

C --* CH 

CHOH biO 

{Unstable) AooJcio 


{pit) Action of 0*a } tt acid . When heated with oxalic add 
glycerol gives formic acid at 380K while ally I alcohci is produced 
at 430K. 


TOC—H-1M-II 
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(a) CH.O lH HO OP 


^HOH + 

^H.OH 

Glycerol 


toOH 


370-380K 


Oxalic —H,0 

acid 


CH.OH 

hlOH + 
<!:h,oh 

Glycerol 

regenerated 


HCOOH 

Formic 

aud 


H.O 


(6) CH t O|H_HO|OC 53ok CH.OOC 

CHO |H HO | oc C | 1100 ^ 

Lm OH * CH.OH 

CH.OH Glyceryl 

dioxalate 


CH.OOC. /•<*> ** 

^HOH 

ilfjOH 

Glyceryl monoxalatc 
Heat |—CO, 

OH H 
CH, i OOCH 

d^HOH 

I 

CH.OH 

Glycerol 

monoforroatr 

C'H, 

—2CO, li 
-► CH 


heat 1 

CH.OH 
Allyl Alcohol 


10. Usee., _(i) xf n the manufacture of nitroglycerine, an impo t- 
ant explosive. 

tlir preparation of a number of organic compounds 
e.g.f formic acid, dlyl alcohol, etc. 

fiifr As a softening and moistening agent for tobacco, shaving 
soaps, shoe polishes, printing inks, tvpc-writcr ribbons, Irathcr goods 
etc. 


w As a sweetening agent in confectionery and beverages, 
n the manufacture of cosmetic s and transparent soaps, 
s an antifrpp7.e in auto mobile radia tors. ** 

(mi)—In medicine, externally, for soothing inflammation and 
internaHvhn the form of glycerophosphates (a tonic). 

J(trfw) In water-colour pigments, copying inks, stamp pads. 

As a lubricant for watches and clocks. 


11. Teats for glycerol and distinction from other sugar 
solutions. —(i) It is a colourless, viscous liquid, sweet in taste. 

(it) It does not reduce Frh ling’s solution or ammoniacal silver 
nitrate {</. sugars which are reducing agents). 

(Hi) When heated with potassium hydrogen sulphate, glyeeroi 
gives acrolein which when dissolved in water, Rives SchifFs reaction 
and reduces Jehling’s solution and ammoniacal silver nitrate (sm 
aldehydes). 

(is) On adding a few drops or phenolphthalein to some 1 per 
cent solution of borax, pink colour is obtained which disappears on 
adding glycerol. The colour i cappcars on warming and again dm 
appears on cooling (distinction from sugars). 

(v) When treated with concentrated sulphuric acid, there is 
no effect in cold and slight ycl’ow colour is obtained on warming 
(cf. sucrose which is marred in cold and glucose which is charred on 
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(tri) With caustic soda there is no change of colour (of. glucose 
which gives gettow colour on warming). 


12. Structure of Glycerol. —(1) The molecular formula of 
glycerol as deduced from its analytical data and molecular weight 
determination is G a H t O a . 

(2) The following chemical reactions indicate the presence of 
three hydroxyl groups in glycerol : 

(i) With PCI* it gives glyceryl trichloride wherein three hydro¬ 
gen atoms along with three oxygen atoms are replaced by three 
monovalent chlorine atoms. 


PCI. 

CjHgOa-► C a H fi CI a 

(//) With fuming nitric acid and concentrated sulphuric acid 
mixture, glyceryl trinitrate is obtained. Here again three hydrogen 
atoms along with three oxygen atoms are replaced by three nitrate 
radicals (monovahnt). 

HNO. + H.SO. 

CjHgOj-► C a H 6 (N0 3 ), 

(in’) Similarly, with acetic anhydride glycerol forms glyceryl 
triacetate. 


Acetic anhydride 

C 3 H ri 0 3 C 3 H 5 (OOCCH 3 ) 3 


All of these reactions indicate that it is a trihydric alcohol. 
The three hydroxyl groups must be attached to thtee different car¬ 
bon atoms. This gives tiic structural formula of glycerol as : 

CII 2 OH—CHOH—CH a OH. 

(3) This formula is, supported by various products which gly¬ 
cerol gives on oxidation (see page 2161). 

(4) This is confirmed by its synthesis, e.g. a 
(t) From propylene (see page 2*159). 


( 11 ) From elements, as given below : 
Elec. H.O+II.SO. 

VT^|- 9 

arc Acetylene -|- HgSO. 

CH. CH. Cone. 

Oisld I 2H | H.SO. 

- + CO —► CHOU-► 

Ca-salt | I heat 

CH. CH. 

Acetone Isoprup>l alcohol 
CH. CH.Br 

| IBr | CH.COOK 

— -» CHBr —► CH Br-► 

<^H,Br CTH.Br 

1,2-Dibromo- Glyceryl 
propane tribromide 


I *v_/ 

Acetaldehsdf 

CH, 

c:h 


CH. 

Propylene 

CH.OOCCH. 

I NaOH 

CHOOCCH.-► 

dw.OOCCH, 

Glyceryl 

triacetate 


^11 |V-.w n 

Acetic acid 


CH.OH 

CHOH 

Ah,oh 

Glycerol 


13. Nitroglycerine. —Nitroglycerine is manufactured by add¬ 
ing glycerol (1 part) in a thin stream to a cold mixture of concentra¬ 
ted sulphuric acid (5 parts) and fuming nitric acid (3 parts). Tem¬ 
perature is not allowed to rise above 300K. 



2‘ 164 


ORGANIC CHEMISTRY 


CH.OH 

<!hoh 



+ 3HONO, 
Nitric *ckt 


H»SO» 


CH.ONO, 

d:HONO, + 3H»0 

^H.ONO* 

Nitroglyccrino 


Nitroglycerine separates as a colourless oil and constitutes the 
upper layer in the reaction mixture. It is removed, washed with ice* 
cold water and then with dilute solution of sodium carbonate. It is 
again washed with water and finally dried by filtration through a 
mat of sponges. 

It is glyceryl trinitrate, an ester, not a nitro compound. The 
incorrect name appears to have been introduced due to the use of 
nitric and sulphuric acids mixture in the preparation, which it 
normally used for nitration. 


Nitroglycerine is a colourless oily liquid, insoluble in water 
and poisonous in nature. Usually it burns quietly when ignited but 
explodes violently when heated rapidly, struck or detonated. It is 
believed that during explosion, nitroglycerine decomposes as follows, 
and the gases formed occupy 10,900 limes the volume of nitroglyce¬ 
rine. 

4C 1 H i (ONOa)s -* 12CO 9 +10H 9 CH 6N, f O, 

It is used in the manufacture of explosives given below and as a 
stimulant for the heart. 


B y — lit. Alfred Nobel (1867), a Swedish chemis t and engin eer, round 
that niUQxbSGrine oouid be stabilized by absorbing it in fkiesclgulut This was 
Dj&ualu. It is, however, now usually prepared by absorbing nitroglycerine in 
taw-dust and adding solid ammonium nitrate. 

Blasting iMm o ir feQpfe. ~ Tf is obtained by making nitroglycerine 
with gun-cotton (cellulose nitrate). 

Cordite. It is a mixture of nitroglycerine, gun-cotton and vaseline and 
is used as smokeless powder. 


14. Estimation of the Number or Hydroxyl Groups in a 
Polyhydric AlcohoL —A known weight (sav, W g) of the acetyl 
derivative of the polyhydric alcohol is refluxed with a knowrf volume 
of a standard alkali (excess). The unused alkali left over is titrated 
back with standard acid solution and thus the amount of the alkali 
actually used for hydrolysis of the acrtyl derivative is found out. Let 
il be to g. 


X(OH)«k —► 

Polyhydric 

alcohol 

(Mol. wt.-Af) 


flKOH 

X(O.COCH«)«-- 

Acetyl deriv. or 
(MoL wt. 56* g 

-Af-n+43* KOH 

-M+42/I) 


X (OH )«+i*CH tCOOM 


As is clear from the equation, if+42n g of acetyl derivative 
require 56a g of KOH. 

Actually W g of the acetyl derivative require w g of KOH $ 
whence Jf+42* g of the acetyl derivative will require 


~-~-(X+42») g of KOH. 
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Equating this with 56 m, we get 
(Jf+42»)-56M 
wlnatce M can be calculated. 


'JJULMMDl 


(met. require* 0-168 g SOB fir hydrolysis. Calculate the number 

of hydroxyl groups in the alcohol. 

(tee IK-0 218 g; w-O ltiS,Af—92. 

Substituting these values in the equation 

-j^(Af+42n)*»56e, we get 

-££r(92+42*)-J*. 


< 92 + 42 ->-TO 
2764- 126e—218 m 


x S6n — —~ i 


whence 


218»-126/1-276 
92/1—276 

- 276 i 

M* 3 

i.e.. the alcohol is trihydrlc. 

QUESTIONS 


A, Essay Type : 

I. What arc glycols 7 How is ethylene glycol prepared and what are its 
important properties and uses 7 Discuss fully how its constitution is established* 

X. How is ethylene oxide prepared 7 What are its chief chemical 
properties 7 

X Describe one method for the manufacture of glycerol. How does it 
react with— 

tO KHSOg, (tf) Acetic anhydride. 

Hit) Oxalic acid at 530IC, (iv) PI, in excess. 

(v) Cold concentrated sulphuric acid and fuming nitric acid mixture 7 

{Delhi B.Sc. 1976 Supp. ; B.Sc. Hons. 1977) 
A. (a) Write equations indicating reaction conditions for the formation of 
the following compounds from glycerol: 

<0 Ftopeiial, MO Allyl alcohol, 

{ill) Glyceryl trinitrate, (is) Glycerol trichlorohydrin. 

(6) Starting from acetylene, outline the various steps in synthesi s of 
glycerol. (Delhi B.Sc. Hems i97T) 

5. Discuss the constitution of glycerol. (Delhi BJSe . Homs. 1979) 

i. How will you proceed to find whether the given liquid is glycerol T 
7. (o) Give the preparation, properties and uses of nitroglycerine 7 Why 
is it so called 7 

(6) Write a short note on Dynamite, 
f. (o) Describe the synthesis of glycerol. 

(b) What is U»e action or U) HI and Mi) oxalic add on glycerol T 

{Delhi B.Sc. Hons. Sob. 1978) 
9. How is glycerol manufactured from fats and oils ? What is the action 
of the following on glycerol (t) PCI,, («) Na, Mi*) HC1, (se) KHSO, ? 

{Delhi B.Sc. Hons. Sub. 1981) 

A. Short Answer Type : 

1. HonTwill you convert— 

(I) Propylene into glycerol, MO Glycerol into allyl aJwhoTf ^ 

2. Wbnt i* MarkowtakoTs rule 7 Would it he applicable to the reactions 
«-|M. (Ol 1-M—! etttom, ! IMmm) 
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3. Give the reagents and conditions employed for each step involved to 
Mag about the following conversions : 

<i) Acrolein from glycerol, (//) Glycerol from propeae. 

[DeLMB.Sc. 1976, 77) 

4. What happens when glycol is heated with cone. H t SO« 7 

[Delhi B.Sc, Hons 1977) 

5. Give the synthesis of glycerol from ethylene. [Delhi BSc. 1977) 

6. Write structural formulae for 

(a) 1,5-Pcntancdiol. (6) 2-McLbyl-2,4-pentanedk>t 

(c) Propylene glycol. (d) Pentamethylenc glyool 

(e) s : w-Dihydroxyheptaoe. [/) 1,2,3-Propanetrioi. 

(g) 2 :4-Epoxyhexane. 


7. What is an antifreeze 7 

9. Why is glycol suitable for use as an antifreeze 7 

9 , Boiling point or glycol («=400K) is much higher than that of 
l -propanol («37Q'2K) and 2-propanol (=355’6K) evtn though all the three com¬ 
pounds have roughly the same molecular weight. How can you account (or 
this (act 1 

10. Specific gravity increases from methanol (.=0*792) to glycol l*H3> 
and further to glycerol (=1*261), How can you account for the progress! *e 
increase in spocific gravity ? 


C. Problems : 

1. An organic compound on analysis was found to contain C—39*13 and 
Ho»£*64 with a vapour density of 46. It gave the following reactions : 

(a) On oxidation with nitric acid it gave \ dibasic acid. 

(fi) With P«pit, it gave an unsaturated aldehyde. 

(c) With PCI, it gave a chlorinated hydrocarbon with V.D. 73*5. What 
structural formulae would you assign to the compound 7 Explain the above 
reactions. 

2. An organic compound of the formula CjHiO, yields on acetylation 
with acetic anhydride a derivative of the formula C*H 14 0,. How many hydroxy 
groups are present in the substance *■ What possible structure will you assign 
to h 7 Explain with reason** 

3. A compound of mo) ecu tar formula C^I^O* is cnanged to C|«H ia O v 
by treatment with acetic anhydride. Hew many alcohol groups are indicated ? 

(Madurai B.Sc . 1976) 

Ac,0 

[Hint. R—OI1-- RO . COCil, For ever* OH present in alcohol, 

C a OH t is added. Here total increase is C l 0 i H s : 540Hl. 


ANSWERS 


B. 6. [a) CH,OH.CH t CH,.CH t .CH,OH ; {b) CH^.COH.CHtCHOK CH* 

CH a 

(r) CH^CHOH.CH.OH (d) CH l OH.CH B .CH t .CH i .CK ll OH 

(e) CH,OH.CH 1( .rHvCH..CH 1 ,CH 1 .CH l OH 

O 


( f) CH.OH—CHOH—CH.OH 
C. 1. CH f 

» P.O.I 
CH ♦—- 

I 


CHO 

Acrolein 

{.(The unsaturated aldehyde) 


CH.OH 
C^HOH 
^H,OH 


' \ 

(g) CH,.CH.CH,.CH.CH,.Cr 
COOH 

HNO, 


Glycerol 

[Organic compound) 


hiOH 

Loon 

Tartronic acid 
[The dibasic ncUi 


CH,CI.CHCl.CH#Cl 
PCl t I, 2, 3-Tnchloropropatw 

(Chlorinated hydrocarbon 
With V.D.«73 5) 

2, Three. CH t OH.CHOH.CH f OH (Glycrroh 
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Ethers 


1. Ethers are Organic Oxides*—The general formula *.. the 
ethers is R—O—R'. These mav be d/rretjy obtained fiom al o^ol 
by a process amounting to dehydration. 

R' TnT 4 - tt \OR' -R.O.R' -f H a O 

Alcohol Alcohol fthcr 

(Alkyl hydroxide) (Aik vf oxide) 

Dcrivtd from aliphatic alcohols or all.y 1 hydroxides, ^ ihr\ uc. 
-thers mav be regarded as the "Iky l r side* or thr anhydrii** of 
Alcohol*, 


Just aUohols may he looked upon as mono-alkyl derive Lives 
of water, ethers may \v* regarded as di -alkyl derivatives of \iatrr* 
obtained by replacing it'* both the hvdtogrn atoms by alkyl group?> 
H—O—It R*~0 --If R—O—R 

Water Alcohol tA iono-aik"l Ether (DJalky* 

derivative oj water) derivative of water} 

When the two alkyl groups attached to the oxygen atom are 
the same, the ether is said to be Wwp/r. '’.p., dimethyl ether 
CH a —O—Cll f . In cast the two alkyl groups are different, the ether 
is known as nuxed rthcr y *.</,, etlnl mrthsl ether, GH 3 —O—G^H 

2. Nomenclature.— In the trivial s\stem of nomenclature, 
the ethers <m named accouling to the alkyl groups attached to 
the oxygen atom. Simple tillers aic given common names, *> *9 . 

Formida Common name 

CH,.0 CH. Dimethyl ether or methyl ether 

C.H. O.C*H t Dieih>l ethe^ cfhyl ether or simply ‘ether’ 


More complicated ethers ate named ncrording to the 11 PACI 
system. According to the IUPAG s\strm of nomenclature, th^se 
arc regarded as the alkanes in which our hydrogen atom has been 
replaced hv an alkoxv group, -*OR. Out ol the two alkyl groups, 
thr larger one us chosen as the alkane and the smaller one as ilkoxv 
group. Tor example, 

Formula ■ Common name HJPAC name 

CHa.O.Cgrti Ethyl methyl ether Methoxjethane 

(mixed ether) 

C t H 5 .O.r J H T Fihyl propyl ether Ethoxypropane 

(mixed ether) 


Two isomeric ethoxvpropanes are ; 


c\\ $ au CHt.OC,H, 

Hlhy 1 «■ propyl ether 
or Mdhoxylpropaite 


2'1 Ji 


CH, CH.CH, 
ixr.H, 

Ethyl isopropyl ether 
or 2‘Etho»yp«*paoe 
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3. General Methods of Preparation of Ethers.— 

(i) By hutting excess of alcohol with concentrated sulphuric acid 
tr glacial phosphoric acid. One molecule of water is removed from 
two molecules of alcohol. 


RO |I _+ ho Ir 

Alcohol {Two molecules) 


H.SO,. 4I0K 

~ —H,0 H 


R -O—R 
Ether 


The mechanism of the reaction is probably : 


r\ 

CtHsOH+H^SO^tC^H.- OHgl+HSO*’ -► C„H^ + 11*0+ HSO, 

The ethyl-cation, Cj,H a + mav cither eliminate a proton 
and form ethylene (by-product) or react with a molecule of alcohol 
(present in excess) and form ether as shown below : 


C.H.-0: C.Hi 4, 


i 


C t 4*—O—C,H* 

I 

H 


—H+ 

-► C.H*—O—C«H« 


The yield is good from primary alcohols and (airly good from 
secondary alcohols. Tertiary alcohols arc readily dehydrated to give 
olefins and do not give any ether. 

(if) By heating sodium or potassium alkoride with an alkyl halide 

(WUUnmaon’a synthesis) 

RQ| Ns ± XjR' —t. R—O—R’ + NaX <f.) 

Sodium Alkyl Ether Sodium 

stkoxide halide halide 

C|R|ONa -j- BrC a H,—-► C|H|OCjH| -f* HsBr 

Sodium ethoxide Ethyl ether 

The mechanism of the reaction is possibly : 

8 - 8 - 

RO R'—X + RO..R\. X -► R.O.R' + X" 

Alfconide Alkyl Transition Ether 

ion halide state 


The method is particularly useful for preparing mixed ethers 
and it is best to use the alkoxide of the secondary and tertiary 
alcohols and primary alkyl halide. This is desirable because second¬ 
ary and tertiary alkyl halides decompose readily to give olefins. 

(m) By heating alkyl halide with dry silver oxide* 

2R| X 4 AgJO-——* R,0 + 2A(X (v.g.\ 

Alkyl Cry silver Ether 

halide oa de 

Mixed ethers can be prepared by taking two different alk\l 
halides. 

CHJi ) CH, V 

+ AgJO ——<*> >0 + 2A*t 

CtH. ll Z 1 C,n/ 

Eihyl methyl ether 
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The yield Is, however, low as dimethyl ether and diethyl ether 
are also obtained along with ethyl methyl ether. 

(to) By passing alcohol vapour under pressure over a heated 
catalyst, e.g., alumina, thoria, etcat 520K 


R| OH ± _H|OR 


Al,0, 

--► ROR+H.O 


In the preparation of ethyl ether from ethanol the yield ii 
about 85%. At about 620K., however, the main product is ethylene 
[see page 2’131). 


♦tAer. 


(v) By the action of Qrignard reagent on a lower halogenated 


CH.OCHI U + BrMg |C,H f —CH A .O.CH l .C l H, + M| 
Monochioro- Uhytm&gnesium Methyl propyl ether 
methyl ether bromide 


/B r 

N CI 


This method is useful for preparing a higher homologue from a 
lower ether (Ascent of series). 

4 . General Properties of Ethers.— 

(a) Physical. Methyl ether and zthyl methyl ether arc gases, 
other membrrs are colourless^ pleasant-smelling, volatile liquids. 
Their vapours are highly inflammable. They are lighter than water 
in which they are not very soluble but their solubility is increased by 
the presence of small amounts of alcohol. The so ubility is found to 
decrease to less than half if water ii saturated with common salt. 
Solubility of ethers is nearly the same as 
that of their isomeric alcohols. For 
example, solubility of diethyl ether is 
nearly the same as that of 1-Butanol 
(~9 g per 100 g of water). This may pos¬ 
sibly be due to hydrogen bording with 
molecules of water. 

R—O...H—O 



The C—O—C bond angle i i ether is about 110° and the 
molecule is polar Its dipole moment (=1'18D) is, howevtr, leu than 
that for alcohols. Their boiling points and specific gravities increase 
gradually with increase in their molecular weights. Lower ethers 
act as anaesthetics. 

(6) Chemical. As compared with alcohols, ethers are very 
inert and are not acted upon by alkalis, dilute mineral adds, 
carboxylic acids, phosphorus pentachloride, metallic sodium, etc. 
This is due to the fact that there is no active group present in their 
molecules. Molecular formula of an ether as given below 


g— Q BIMr i_ft 

Alkyl Ethereal Alkyl or 
radical! oxygen radical 


R : O : R 


Electronic formula wit 
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consists of two alkyl groups joined through an oxygen atom. Rc;.*< - 
tions of ether are : 

</) Reactions of the alkyl groups which resemble alkane, 

(fi) Reactions of ethereal oxygen. Being linked 10 two carbon aioms, the 
oxygon atom is comparatively inert. Due to the presence of one pain of 
electrons, however, it forms addition compounds with mineral acids (Qxanlum 


(f|0 Due to Instability of Carbon to Oxygen linkage, Unlike carboc to 
earbot) linkage, carbon to oxygen linkage is not very stable The Iinfcair: i? 
ruptured in the presence of a number of reagents giving rise to a variety of 
products. 7 

Ethers give the following general reactions : 

REACTIONS OF THE ALKYL CROUP 

(1) Halogenation. Ethers give substitution products v/itf 
chlorine or bromine, the hydrogen atom joined to the carbon atom 
directly attached to the oxygen atom ,‘s most readily n placed Thr 
extent of halogenalion depends upon the conditions of the traction, 

in the dark ether reacts with chlorine to give M'-dichloroethvl 
ether* 

Cl, 

CH,CH a .O.CH f .CiI, —► CH, CHCI.O.CH,.CH, 

Cl, 

—► CH..CHCLO.CHC1.CH, 

In the presence of light, perch I orodi ethyl ethei is obtained 

Cl, 

(C,H.),0 —► (C.CU.O 
tther PerchlorodicLhyl ether 

(2) Burning. Ethers are highly inflammable and their vapours 
form explosive mixtures with air (c/. alkanes). 1 hey bum to pco 
duce carbon dioxide and water. 

(3) Peroxide Formation. Ethers lorm peroxides in contact 
with air and light. 

O, 

CH 3 CH,—O— -CH,CH,-► CH,CH(OOIl)—O—CH,GH # 

light 

Peroxide is a heavy, pungent, oilv liquid and is explosive. 
Since boiling point of peroxide is higher ihan that of ether, u i* Iclt 
as residue in the distillation of ether and may cause explosion. For¬ 
mation of peroxide can be prevented by adding small amount of 
CugO to ether. 

Presence of peroxide in ether can be detected by $haking it 
with freshly prepared ferrous sulphate solution and then adding 
potassium thiocyanate solution. Appearance o( red colour indicates 
the presence of peroxide which oxidises Fc ,a+ to IY 3+ ivrs blood red 
colour with ~CNS). 

Ethel* can be freed from peroxide by shaking wirh ferrous salt 
solution or distilling with cone H 3 $0 4 . 
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REACTIONS OF ETHEREAL OXYGEN 

(4) Formation of Oxonium Salts. Ethers form stable* salts 
(oxonium compounds) with strong inorganic acids. For example-, 
ethyl ether gives [(CjIIflJaOHj^Cr and LC 2 HJ 2 OH] + HSCV trspec- 
lively. Thus ether is removed from ethyl bromide by shaking with 
concentrated sulphuric acid. 

Formation of oxonium salts is analogous to the formation ol 
ammonium salts from ammonia and acids. The two resemble each 
other in their electronic structure. 


H 


r,B, i o i c,H,+tici —► £c s u,; o i c,h. 


OKomum sail 


I ci- 
J 


Oxonium salts arc stable only at low temperature and m the 
presence of concentrated acids. On dilution they dissociate into the 
original ether and the arid. 


REACTIONS DUE TO 1NS1 ABILITY OF THF CARBON TO OXYGEN 
LINKAGE 


(5) Hydrolysis. When lirated with dilute sulphuric arid 
under pressure, ethers are hydrolysed to the 'otresponding alcohols. 

H a SO| 

ROR + H.O-► 2ROH 

h,so 4 

C.H^OCjH* + H,0-► ZCalliOlI 

Ethyl ether Ethanol 

(6) Action of concentrated Sulphuric acid. When firmed 
with concentrated sulphui ic acid ethers form a Ik/* h) Irogcti sul¬ 
phates. 

C,H i .0.C 1 H,+ H l S0 4 -► C J H l HS0 4 +C 1 H r 0H 

C.H.OH+HjSO. C 1 H i HS0 4 + H.G 

(7) Action of Hydriodic acid. Fthersare readily attacked 
by concentrated hydriodic acid and final products depend on the 
temperature of the reaction. 

(i) In cold, it gives an alcohol and alkyl iodide. In the 
case of mixed ethers, the iodine attaches itself to the smaller alkyl 

radical. 

C,H 4 |OC 4 H s + "H|l—►CjH.l + C,H|OH 
Ethyl ether Iithyl iodide Ethanol 

CH.f OL.H, - TH|l—►CHjl + C.H.OH 
Ethyl methyl Methyl Ethanol 

ether iodide 

This can be explained on the assumption that the reaction proceeds by 
S N 2 mechanism. The larger group exerts steric ellcct and the r, therefore, 

attacks the smallar alky] group (CH, here). 

(it) When heat-ed^ two molecules oi alkyl iodidcipre formed; 
R-O—R+2H1—►HRI + 

C.H,—0~C,H.+2HI—*2C,H,l + H,0 

With halogen acids in general, the order of reactivity is HI >Hfir>HCI 
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The first reaction is probably formation of protonated other which then 
■eacti with halide 100 either by S N l or 5^2 mechanism. A primary alkyl group 
rends to undergo S N 2 displacement while S N I displacement is favoured la case 
of a tertiary alkyl group. 


R-0-R' + H+ 


H 

R—O—R ; 
Protonaicd ether 




Followed by 

r H y 
I slow 

(0 L R—O—R' J —► R+4-HOR' (S M 1-mechanism) 


fasi 

R+ + X- —► R—X 


[ » j 

1 + 1 

r « 

1 

of <tfl R—O—R' 

l J 

[ 4"X - — ► | 

1 

[ X.R.OR' 

l— a -t-a 

4 


Transition complex 
RX+R'OH (S n 2 mechanism) 


(8) Action of Phosphorus pent a chloride. In the cold, 
phosphorus pentachloridc has no uciion on ethers but the reaction 
takes place on heating. 

R—O—R + PC1, —► 2RCI 4- POC1, 

C.H.OC.H.+PCUJ—► 2C.K.C1 4- POC1, 

(9) Reaction with Acetyl chloride. Ethers react when 
heated with acetyl chloi ide in the presence of anhydrous zinc chlo- 
ride as follows : 


ZnCl, 

(C fl H B ) a O 4 - CH.COC1 --► C.H.C 1 + CH.COOC.Hi 

Ether Acetyl chloride Heat Ethyl chloride Ethyl acetate 

5. Spectroscopic Analysis of Ethers.— 

Infrared spectra. The C-O group (stretch) in acylic ethers 
containing two primary alkyl groups, i.e., with structure 
—CH.-0--CH,- 

gives a characteristic absorption band is the region 1150-1060 cm* 1 ^). 

NMR spectra. In the NMR spictra pf various methyl 
ethers (ROCH.) the CH 3 0 group shows one bond with x-value of 
6-6*7 ppm (S 3*3-4). 

INDIVIDUAL MEMBERS 


5. Dimethyl Ether, Methyl Ether, (Cff a ) ft O.— Methyl 
ether can be prepared by using any of the general methods of prepa¬ 
ration. It is manufactured by passing methanol vapours at 620- 
670K and compressed at 15 atmospheres pressure over aluminium 
phosphate (catalyst). 

It is a gas (b.p. 247*6K) very soluble in water. It gives all the 
reactions characteristic of ethers in general. It is used as a refri¬ 
gerating agent and low temperature solvent 
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6# Diethyl Ether, Ethyl Ether {Ether Sulphuric ether) 
(CjHJgO.—Ethyl ether is the most important member of ether 
series and it often referred to simply as ether. 

It is prepared in the laboratory and industrially by the William 
eon's continuous etherification process, i.c., by heating ethanol 
(tn excess) with concentrated sulphuric acid . 

HiS° 4 4 l0 K 

C.HftOjH fJjHOlC.H, 

Ethanol ( Two molecules) —H,0 Ether 

The catalytic action of sulphuric acid is explained as follows . 

C,H*0H+H B S0 4 -*> CjH s HS0 4 + H,0 

cahl gsuTTH io C a H fc -* C,H*0.r»H, j- h,so 4 

Ethyl hydrogen Ethanol Ether Sulphuric acid 

sulphate (ttreers) {regenerated) 

Expt. A mixture or ethanol (2 volj and concentrated sulphuric ecu? 
(1 vol.) is taken in a distillation flask filled with a thermometer and dropping 
funnel containing alcohol (Fig. 201) 

The flask is heated on a sand bath and the temperature maintained at 
410K. Alcohol is added at the same rate at which ether distils over and is 
collected in a receiver cooled in ice-cold water. The process is continuous amt 
is, therefore, called the continuous etherification process. 

Purification. Ether obtained is contaminated with water, alcohol and 
sulphurous acid. It is washed with caustic soda solution to remove sulphurous 
acid and then agitated with 50% solution of calcium chloride to remove alcohol 
It is next washed with water, dried over anhydrous calcium chloride and redi 
•tilled. 

In commerce, cone, sulphuric acid is taken in a big pot fitted with «eaxu 
coils. Alcohol is then added and the mixture is healed by passing steam through 



Fig. 20*1—-Laboratory preparation or ether. 

tha steam coils. The temperature Is maintained at 4J0K 140*C) and more 
alcohol is tljwly run Into the pot. 

Vapours of ether and some alcohol mixed with steam and acid fumes escape 

« the exit provided near the top of the pot. These vapours are *aab*d 
ute alkali solution in ihe scrubber to remove acid fumes. The vapoi*r> 


• Formerly ethyl ether was supposed to contain sulphur and was, there 
tots, named a uMmrk ethsr. The name is retained even today by some menu 
totaim probably on manual of the use of sulphuric acid in its preparation. 
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are next passed through a fractionating column wherein a ?*L 

condense. The condensate is sent to alcohol recovery tower. Vapours m 



COLUMN 

Fig. 20 2- riow-shcet lor tlu manufacture of ether. 


arc next condensed by pas^ng through a condenser. Thus alcohol being con- 
imuotrW added to the pot, eihei is continuously distilling over. 

^ome other methods used for the manufacture of ether are : 

(i) As a by-product in the mow fact are of ethanol from ethylene 
r ivA trJjjhur*c acid [see page 2 137;. Lther is formed as a result of 
the side reaction. 

2C a H, -J- HiSO i -> fC J H 1 ) a S0 4 

hthyl sulphate 

(C 1 rI B ) 1 S0 4 H C* H.OU-> (C,H,) t O + C.H*HS0 4 
Ethanol Ether 
formed as a result 
of the mam reaction 

v tt) By passinq ethanol vapours under pressure over heated alu 
truua or aluminium phosphate as catalyst, 

_ Heated Al a 0 f 

C,H,0|hT _HO| CjH,-► CjH.OC.H, 

Ethanol ho molecules) — H,0 Ether 

Properties of Ether.—Physical. It is a colourless, 
liobile, highly volatile hquid (b.p. 307 5K) with a pleasant and 
burning taste. It is nnh slightly soluble in water, is more soluble in 
oigaric: solvents and is a solvent itsi If. It is lighter than water 
(Sp. Li. 0'72) and vapours produce unconsciousness. 

Chemical. Like all other ethers, it is very inert chemically 
and is not acted upon bv metallic sodium, alkalis, cold phosphorus 
pentat hioridc, dilute acid and potassium permanganate, etc. (of. 
cthancih It is highly inflammable and its vapours form an explosive 
mixture with air. 

L*H s O( 160 s —> 

Its important icactions have already been discussed under 
general reactions of ether-. 

8. Uset.—-Ether Ends use: (t) As a solvent for carrying out 
Gsignard reactions and as an industrial solvent for oils. gums, 
resins, etc. Also as an extracting solvent. 
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(n) A* anaesthetic m suigory. 

fin) As rrfngcTanr, 

9. Strucruic of Ether — (/) II he molecular formula of ctlm as deduced 
irom ils analytical dita and molcc (Ur weight determination is C # Hi a O 

(ni 1 ther reacts neither w»Lh sodium nor with phosphorus penlachlonde 
in >be cold This shows thal there is no hulroxyl group present i/i the molecule. 

nu) With hydnodic aud in the cold, ether gives ethyl iodide and ethyl 
alcohol This tnduates tin presence of /w f? ethyl groups joined through an oxygen 
atom as given below 

0~C*H 6 

(n) This is fun her eonbrrned by the lolloping synthesis of ether : 
C,H 6 ONa i” |C t H 4 C*H S —O—C a H # +NaI 

Sodium Ethyl Lther 

ethuvide iodine 

10 Isopropsl Fthir, (CH a > a ^H O CH(CHj* —UopropyJ ether is mane 
Jucti red by parsing propylene into 75% sulphuric acid at 348-398K under 3-7 
nmospheres pressure when a molecule ot water is added to two molecules oF 
propylene 

2U1 S U1- Ul, ^H,0—►(CH l ) J CHOCH(CH l ) i 

It a colourkss liquid lb p 145k) wit i a pear-like odo ir It finds use 
an industrial solvent tor decreasing knocking of petrol 

11 $ p'-Dichluroethyl Fther, (CH a CI CH J ) a l> —It is manulaclured by 
dehydrating ethylene LhJorohydrm with uonc sulphuric aud at 370JC 

H g S0 4 

201^1 CH.OH-* (CHgCl CHa)i0+H«0 

It is an cxl lcrP solvent and is usul Uuder the name cnlorex for dissolv¬ 
ing ir \ unties from li bricking oils 

12 V my I filler, (CH a - CH).0 — flus typical unsaturated ether is obtain 
ed by he action of alkali on 2, 2 -diclilnrot lliyl ether 

HcaL 

(CH.UCH a ),0^2K0U-► (CH.-CH^O+ZkCl+HgO 

It is a highly 1 i flammable liquid (bp 101 IK.) ChcitiiLaUy it resembles 
both e’hylene and ether and is an anaesthetic better than ether 

13. How arc Ethers distinguished from Alcohols ?— 11 e 

Lo] lowing tests may 1 e employed to distinguish cthtis iiom nlcoholr 


rest 


Alcoho’s 


tithe's 


1 Odour 
1 Snhbihls 
1 Action of 
SOQium 

4 Au r nn L>f 

phosphorus 

pcr.techlonde 

s Ac ion wiili 

CH a COl I 
6, Oxidalien. 


Sweet alcoholic Pleasant ethcrc il 

Misuble with water Immiscible 

Hvdrogen liberated , sodium I No action 

alkox.de (RONa) formed 

A Ik) l chh r.ic is formed No avl.on m celd, alkyl iMo 

niJo obtained in hot only. 

Lsitr /u-mvd. Rcdct when heated in the 

presence of anhydrous ZnCl, 
to give RCl-^ tsur 

Lasy, Pi unary alcohols give Possible only with strong out 
aldelijdes, and Secondary i ditvng agents,« g , H,CiO, 
alcohols give ketones. Ter¬ 
tiary alcohols are not easily 
I- oxidised. 
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14 . Bstimatioa of the number of m ethoxy groups in a 
compound (Zeisel’s method).— J he reaction between an ethei 
and hydriotlic acid is used in the estimation of methoxy or ethoxv 
groups in a compound. A known weight (say, ic g) of the com 
pound of mol. wt.—M is treated with 57”' hydriodic acid when 
methoxy or ethoxy groups change into the corresponding iodide. 

R—OCH,+HI —R—OH+CH*l 

The methyl or ethyl iodide thus liberated is absorbed in 
alcoholic silver nitrate solution when silver iodide is precipitated. 
The precipitate is filtered, washed, dried and weighed (=tr g say! 

CH,I 4 AgNO,+H|0~*Cll s OH4 Agl +HNO, 

One mole of silver iodide precipitate corresponds to th* 
presence of one methoxy or one ethoxy group as the case mav b* 
In the above case weight of silver iodide obtained from one mole 
g of compound containing methoxv groups 

W ^ I VM . - . * 

=^-— xM g or -—--sex mole of Agl. 

w 6 v)Xl6b 

Heme number of methoxy groups present in the molecule =*»x 
QUESTIONS 

Essay Type : 

1. (a) Describe the preparation of diethyl ether in (he laboratory. 

(b) Explain the action of the following reagents on diethyl ether : 

(/) hot HI, (/V) Cl t , (iii) PCI,. (iv) dil HmSO* under pressure. 

[Dillu B Sc. 1976) 

2 Describe general methods fur ('it- picparation of aliphatic ethers. 

What reactions do they undergo with («) dilute mineral acid, (6) hydr 
iodic acid, (e) phosphorus pentachlorule ? 

3. How may diethyl ether be prepared? Whai are its propei ties and 
uses 7 How would you establish the constitution of an ether ? 

4. How would you prepare a pure specimen of dicihyl elher. What is 
its action on (a) sodium, [b) hydriodic acid, (c) phosphorus peniac iloride in the 
cold and hot ? Discuss its structure. 

5. What do you understand by cleavage of ethers ? Explain giving 
examples and write mechanism of the reaction involved. 

B. Short Answer Type : 

1. What are the. difficulties encountered in the preparation of di •tert. 

Butyl ether by the Williamson's method ? (Delhi B.Sc. Hens. 1976) 

2. How will you convert tert butyl alcohol into di-fer/ butyl ether ? 

(Delhi B Sc. Hons . 1976 ; Madras B,Se. 1976) 

3. What test would you perform to distinguish between : n-butyl alcohol 

and diethyl ether ? (Delhi B.Sc . Hons. 1976 ; Hons. Sub . 1978) 

4. How is ethanol converted into diethyl ether by Williamson’s process 7 
Write the structures of other ethers isomeric with it. 

(Dc'hi B Sc. Hans. Sub. 1976) 

5* Name various ethers represented by the molecular formula C k H lt O 
and write their structural formulae, 

6. State how you can distinguish by chemical meins between Diethyl 
ether end methyl propyl ether. (Agra B.Sc. WO) 
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7. Account for the following : 

(а) Presence of acid is necessary for the cleavage of ethers. 

(б) Sometimes explosion occurs during distillation ofan ether sample. 

8 How is peroxide in ether detected and removed 7 

9 , C|H»Br is freed from traces of ether by shaking with cone. HtSO* 
Explain why * 

10. How will you distinguish between an alcohol and an ether I 

(Delhi B,Sc. 1978 Sapp.) 

11. Give reasons for the following: 

tf) Alcohols have higher boding points than the Corresponding isomeric 

ethers. 

(If) Isobutylene is more reactive than ethylene towards HQ. 

(lit) Diethyl ether behaves as a base. (Delhi B.Sc, Hons, Sub. 1979) 

12. Write structural formulae of the isomeric ethers of the molecular 
formula C A H lt O and name them according to the IUPAC system. 

(Madras B.Sc. 1976) 

13. Write giving mechanism what you know about the following : cleavage 

of ether molecules by acids. (Punjab B.Sc. 1974, 73, 76) 

14. Disduss, giving mechanism, Williamson’s synthesis. 

(Punjabi B.Sc. 1976\ 

15. Write a short note on the spectroscopic analysis of ethers. 

(Punjab B.Sc. 1976Y 

16. How would you prepare CH a “~0--CH(CH l ) l starting from methanol 
and 2-ptopanol 7 

17. 3*11 g of an organic substance B, on Zcisel determination, gave 
6-882 g of silver iodide. The molecular weight of B is 124. Calculate the num¬ 
ber of methoxy groups in it. (Ag«107 9 ; I»» 126*9) (Delhi B.Sc. Hons. 197(P) 

18. (a) Describe bricily Zcisci method for the estimation of methoxy 

group. 

(i b ) In an experiment 4 24 mg of a compound of molecular formula 
CfoHjiOiN, when heated wuh concentrated HI, yields CH,1 which after passing 
through alcoholic AgNO* gave 11*62 mg of Agl. Find out the number of 
methoxy groups in the molecule of the organic compound. 

(Delhi B Sc. Hons., I98b 


ANSWERS 


B. 5. </) CH b .CH i CH,.CH,6.CH i (if) 

(n-Butyl methyl ether or * 

1 -Methoxybutane) 

(Hi) CH..CH.CH.OCH. 

J:h, 

(Isobutyl methyl ether 
or UMeihoxy-2-methylpropane) 

CH, 

(r) CH|— 

(2-Methoxy-2-methylpropaue 
or rerr.«Butyl methyl ether) 

16, By reacting CH*I (from CH,OH) 
2 -propanol). 

17. One. 

TQC*tU%M2 


CH i .CH l CH,O.CH l CH. 
(Ethyl n-propyl ether or 
1-Ethoxypropanc) 

(iV) CH i .CH.O.CH l .CH I 

1 :h, 

(Ethyl isopropyl ether 
(or 2-Ethoxypropane) 


(vi) CH i .CH 1 .CH.OCH ■ 


CH, 

(2-Methoxybutane 
or Jrre.-Butyl methyl ether 

and (CH 1 ) i )CHONa (from 


18. four. 
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Thioalcohols and Thioethers 


1. The Aliphatic Sulphur Compounds —Oxygen and 
sulphur belong to the same group (sub group VTA) of the periodic 
table and closely resemble each other. The close analogy between 
them is also manifest in organic compounds containing oxygen. 
Tor example, 


Alcohol 

R-SH 

Thioalcohol 

Thioalcohols 
pounds of these. 


R—O—R R—CHO 

Ether Aldehyde 

R-S-R R—CHS 

Thioether Thio-aldehyde 

and thioethers are the most 


R—CO—R 
Ketone 
R—CS—R 
Thio-kctone 

lmpoi tant coni' 


THIOALCOHOLS 

2 Thioalcohols, Thiols or Mercaptans, RSH —Being 
sulphur derivatives of the corresponding alcohols, these are named 
thioalcohols or thiols . These can also be regarded as alkyl derivatives 
of hydrogen sulphide and are, therefore, named hydrosulphides. 

—O —H 

R— O—H-► R- S— H « - H— S— H 

Alcohol +S Thioalcohol or 4-R Hydrogen 

Alkyl hydrosulphide sulphide 


Thioalcohols react with mercuric oxide forming mercuric salts 
•and are, therefore, termed alkyl mercoptans (mercurium —mercury ; 
oaptans— catching). The — SH group is known as mcrcapto or sulpha* 
hydryl group These compounds occur in petroleum and give rise 
to ‘sour petrol’ 

3. Nomenclature —Common names for these are alkyl thio~ 
alcohols or alkyl mercaptans. Their IUPaG names are obtained 
by adding the suffix thiol to the name of corresponding alkane. For 
example, 


Formula 

Common name 

1VPAC name 

RSH 

Alky) mercaptan 

Alkanethiol 

CH.SH 

or , f thioalcohol 

Methyl meicaptan 

Mcthancthiol 

C,H,SH 

or thioalcohol 

Fthyl mercapLan 

Ethanethiol 

[, CH CH.SH 

or thioukohol 

or simply thioalcohol 

Isobutyl mercaptan 

2-MethyI- 

1 oi „ thioalcohol 

CH| , 

Tht prefix name for the SH group is mtrcQpto 

SH 

propanethiol 


I 2-mercaptopropanoit acid 

CH*CHCOOH 

2i7B 
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4. General Methodc of Preparation,—Mercaptans can bo 

prepared : 

(*) By heating an alkyl halide with potassium hydrogen sulphide 
in ethanolic solution or distilling cheaper potassium alkyl sulphate 
with potassium hydrogen sulphide? 

QHj r+TC PH -*. C.H.SH + Kf (,) 

Elhyl iodide Ethanefhiol 

CH,| aSdrOK+K |SH-► CH.SH +■ K.SO, 

Pot. meliiyl sulphate Methanethinl 

(»») By heating an alcohol with phosphorus pen’awlphide . The 
oxygen atom of the alcohol is replaced by sulphur. 

5C t H t OH + P,S,-► 5C a H # SH+P a O, (p.) 

(iii) By passing a mixture of alcohol vapour and hydrogen sul¬ 
phide over a thoria catalyst at 67i)K~ 

ThO* 

ROH+H a S-► RSH+HfO (/>., 

5. Properties .--Physical, (i) Methanethiol is a gas (b.p. 
279K). Ethanol (b p. 31UK) and lusher members are colouiless 
volatile liquids with disagreeable smeii. 

(h) Their boiling points are lower than those of corresponding 
alcohols These are also less soluble in water than the corresponding 
alcohols. 

Chemical. Thioalcahols very cSosdy resemble alcohols but 
the two differ in the following lespecls : 

(i) Acidic character Th.oalcohol, being derivatives orhvdrogen sulphide 
(a weak acid) are weakly acidic in nature and yield metallic derivatives by re¬ 
placement of acidic hydrogen 

** C,H b S“ + W 

Alcohols being alkyl de-ivatives of water (neutral) are neutral in 

character. 

(//) Oxidation. In thioalcohols the bivalent sulphur has a tendency to 
pass to hexav&lent state by taking three oxygen atoms and form sulphonic acids. 


Chemical reactions of thioalcohols are given below : 

(l) Action of Sodium. When treated with alkali metals, 
thiols form mercaptidcs with the evolution of hydrogen (c/. alcohols). 

2C a H ft SH-f 2Na 2C f H fl SNa + H. 

Thtoalcuhol Sod. mcrcaptide 

The alkali mercaptides are salts, [RS]“Na+ and are decomposed 
by water. 

CgH.SNa + H a C -> C.H.SH + NaOH 


The reaction is reversible ftr lower alkanethiols since they 
dissolve in aqueous alkali (Aridlc character). 

c t H # SjH^HO| Na —► C a H # uNa J-H r O 
(2) Formation of Salts. These react with metallb salts and 
Oxides forming salts (mercaptides). 

C,H 5 SfH CH.COO'k C,H ,S X 

/Pbf2CH,COO:i 


CM & PHsOPO 


Bthaaethiol 


C*H t S 
Lead metcaptide 
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2C.H.SH + HgO ->• (C,H.S),Hg + H.O 

Aqucout Mercury 

suspension mcrcaptide 


(3) Formation of Thioleaters, Thiols react with carbo¬ 
xylic acids in the presente of an inorganic acid to form th^olcsters. 

CH,CO|rJH[TjT| SC*H* ** CH,COSC*H i -l-H»0 
Ethyl thioacetate 
(Thiolester) 

This suggests that esterification involves the hydroxyl of the 
carboxyl group and hydrogen of the thiol group. 

(4) Oxidation. Thiols on oxidation give products depending 
upon the nature of oxidising agents. For example, 

(a) With mild oxidising agent# like air or hydrogen peroxide, 
dialkyl disulphides are obtained. 

2C.H.SH +TI.O* -h► C*H.—5—S—CfH, +2H,0 
Diethyl disulphide 


(6) With strong oxidising agtnls like nitric acid thiols are oxi¬ 
dised to the corresponding sulphonic acids. 

HNO. | 

R-SH + 3(0] -► R—S—OH 

{containing fl 

bivalent sulphur) O 

AJkanesulphonic acid 
{containing hexavaierit sulphur) 

(5) Condensation with Aldehydes and Ketones. Thiols 
readily condense with aldehydes and ketones in the presence of 

hydrochloric acid to form mercaptals and mercaptol #, respectively; 


CH,CH= 


0 + 


Acetaldehyde 


SC.H, 

SC.H, 


HCJ 

-* CH.CHfSQH.). + H.O 

Diethylmethy! 

mercaptal 


0 + 


illsc.H, 


+ H.O 


“>c 4 

CH/ 

Acetone 

t. Uses of MercapSans.—{») Ethyl mercaptan is added to 

ram frvr irttr loolrnmt in ni. n. 


SC.H, Ha CH. .SC.H, 

X 

CH/ SC,H, 
Diethyldiracthyl mercaptol 


; - * :-7 -w ** 

natural gas for detecting leakage in gas pipes. 


(•») These arc used in preparing hypnotics like sulphonal. 


(Hi) These are intermediates in the synthesis of vat dyes. 

7. Sulphonal, (CHjlj.CfSOjCjHs),.—It is prepared by con¬ 
densing acetone with ethyl mercaptan in the presence of HC1 gas 
and oxidising the acetone mercaptol so obtained with potassium 
permanganate. 


CH,. 

>C0 + 2C.H.SH 
Acetone Mercaptan 


HU 


Kvtao, 


CH, 


SC.H. 


X 

CH,' n sc,h. 
Acetone mercaptol 

ch* Nc/ so,c,h, 

Ch/ 

Sulphwml 
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Pr apMtl ti ud Uses. Sulphonal is a colourless crystalline 
■olid (m.p. 400K), soluble in hot water. It is used as a sleep-pro¬ 
ducing drag ( soporific ). 


THIOETHERS 


8. Thioether. or Alkyl sulphide. —Thioethen are sulphui 
analogues of ethers and can also be regarded as dialkyl derivatives of 
hydrogen sulphide. 

Rv —O R. —2H H, 

>0 -a >S «-- 

R' +S R' +2R H' 

Ether Thioether or Hydrogen 

Dialkyl sulphide sulphide 

9. General Methods of Preparation.— Thioether* are pre¬ 
pared : 


{*) By heating potassium sulphide with on alkyl ha l i de or f o taM 
Asm aUtyl sulphate, 

2C.H.I + K.S —► (C.H.l.S 
Thioether 

R R 

2 ^SO. + K.S 
K' R' 

Pot. alkyl sulphate Alkyl sulphide 

(ti) By heating an ether with phosphorus pentasulphide. 

C.H.. C.H.. 

10 >0+2P.S, —► 10 >S + P,O ltt (#.) 

C.H./ C.H/ 

Diethyl ether Ethyl thioether 


+ 2Ki (/r*.) 

+ 2K.SO. (f.) 


k ui) By heating an alkyl halide with sodium mercaptide (qf. 
Williamson’s synthesis for preparation of ether—page 2’168) 

CiH jl + Nb |sC,H, —► (C,H,),S + Nal (#.-r./.) 

Sod. mercaptide Thioether 

(iff) By •passing vapours of mercaptan over hooted o ata lys t 
(Al t Oj+ZnS) at B70K. 

Al,0,+ZnS 

2RSH - > R-S—R + H.S 

Mercaptan 570K Thioether 


10. Properties of Thioether*.— 

Physical. Thioethen are colourless, neutral, volatile, oily 
liquids with unpleasant smell. These are insoluble in water but 
soluble in organic solvents. Their boiling points are higher than the 
boiling points of corresponding ethers. 

Chemical. Chemically thioethen are comparatively inert* 
Various reactions given by them are : 


(i) Addition of Halogens. Thioethen form addition products 
with halogens, e.y., with bromine alkyl sulphide dibromide, RjSBr, is 
formed. 


C.H, 


/ 


ethyl 


S + Br. 


CgH.v /Bf 
Ethyl Muphido dibiooide 
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(«) Addition of Alkyl halides. Thioethers combine with a 
molecule of alkyl halide to give svlpkonium salts. Sulphur ia ter* 
covalent and uni-electrovalent in these salts. 


(C*H,),S + C,H,I —* r(C,H,) + ,S : ]I- 

Ethyl thioether Triethylsulphonium iodide 

On heating the sulphonium salt decomposes into alkyl sulphide 
and alkyl halide. 


[(C,H,),£]I- ► (C|H,) a S + C.H.1 

When treated with moist silver oxide, the sulphonium salts 
field sulphonium hydroxide. 

[(C,H,).S]1- + AgOH —► [(C.H,),S]OH- + Agl 

Sulphonium hydroxides are strongly basic and decompose on 
heating to give thioether and olefin, e.p.. 


jr(C,H,)^]OH- 

Triethylsulphonium 

hydroxide 


—► (C.HJgS + C b H« + H.O 


(iii) Oxidation Reactions. With oxidising agents like hydrogen 
peroxide in glacial acetic acid, potassium permanganate, nitric acid 
or chlorine water, thioethers first give sulphoxides and then sulphonea. 
H.O, H,O a -O 

(C a H a ) a S --► (C a H t ) a S-0 --► (C a H a ) a s£ 

Ethyl Diethyl 

sulphide aulphoxide Diethyl sulphone 


Originally, sulphur was considered to be tctravalent in sulph¬ 
oxides and hexavalent in sulphones. 


Later on, valencies of sulphur were changed to 3 and 4 respec¬ 
tively to satisfy the ortft llicory and Jo rmulae of these compounds 
were written with coordinate bonds as given below : 


C,H. X 

>s-*o 

c.H/ 


and 


C t n/ '*0 


There is more evidence at present in favour of the previous 
view and sulphur is believed to be tetravalent and hexavalent. 

(iv) Hydrolysis. On boilipg with alkali solution, thioethers 
are hydrolysed to give the parent alcohol. 

HlOH H t O 

C a H |-► 2C.H.OH + H a S 


c, i1oIh" 


Here thioethers behave as esters of hydrogen sulphide. 

11. Mustard gas, 2 : 2-Dlchlorodletbyl sulphide, (ClCH a .CH a ) l 5.— 

Preparation. Mustard gas may be prepared by the action or sulphur 
monochloride on ethylene. 

CH a CH,CI CH.C1 

2 n + s.ci, —► | I + s 

CHi Sulphur CH|—S—CH a 

Ethylene monochloride Mustard gas 

In a pure state it may be prepared by heating ethylene ehlorohydria with 
sodium sulphide and treating the product With hydrochloric add. 
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CH.OH —2NaCl CH.OH CH.OH HQ CH.CI CH.OI 

2 <!w i ci + N#,S <Jh,— s—<! h, * <!»,—s-Jm, 

Properties end Uses. Mustard gas is an oily liquid (b.p. 488-490K) with 
a mustard Like smell (hence the name). IIS vapours are highly vesicant producing 
painful blisters on the skin. These can penetrate rubber and even thick boots. 

The vapours are adsorbed by active charcoal. These are oxidised to 
■ulphoxide (harmless) by chlorine or bleaching powder. 

It was used as a poison gas in Worid War I (1914-1$). 

QUESTIONS 

Essay Type ; 

1. What are mercaptans 7 How do they react with— 

(0 an aldehyde, (tf) an acid chloride, 

(i7i) lead acetate, (fv) hydrogen peroxide ? 

(Dr Uii B.Sc. 1976} 

2. How are mercaptans prepared 7 Give their physical and chemical 
properties. In what respects do they resemble and differ from alcohols 7 

C Jabalpur B Sc . 1964 ; Punjab 1971) 

3. Describe the preparation and reactions of ethyl mercaptan. 

4. How are thioaloohola and thiocthers prepared ? Illustrate the state¬ 
ment that chemical behaviour of these compounds is due to the tendency' or 
divalent sulphur to pass to the tetravalent state. 

5. How would you prepare sulphonal and what are its chief chemkal 
ties ? 

6. What are mercaptans f Give one method for their preparation. 
Indicate s method for converting mercaptan into sulphonai. 

{Madras B Sc . 1979 > 

Short Answer Type : 

1. Write equations for the reactions, between : 

(1) Ethyl iodide+(0 potassium hydrogen sulphide ; (ff) potassium sul* 
phide ; (/ft) sodium mercaptide ; (fv) ethyl thioether. 

(2) Potassium methyl sulphate + (0 potassium hydrogen sulphide» 

(ff) potassium sulphide. 

(3) Phosphorus pcntasulphide + (i) ethanol; (ii*) ether. 

(4) Alcohol+ hydrogen sulphide passed over heated thoria. 

(5) Mercaptan + (/) sodium ; {ii) sodium hydroxide ; (Hi) lead acetate;, 

(fv) mercuric oxide ; (v) acetic acid ; (v/) hydrogen peroxide ; (v/f) nitric acid ; 

(vtU) acetaldehyde ; {ix) acetone and oxidation of the product obtained; 
(*) passed over heated catalyst (Al a O a +ZnS). 

(6) Ethyl sulphide+ (0 ethanol; {if) H a O. ; {HO alkali. 

(7) Trie thy lsuphonium iodide+(0 heated ; (if) treated with motet 
silver oxide and the product is heated. 

(8) Ethylene-f sulphur monochloride. 

(9) Ethylene chlorohydrin+Na a S followed by treatment with HC1. 

2. Write the structural formulae for the following compounds : 

(/) 2-Methyl propanethiol. {ii) fro-Propyl thioether. 

{iii) 1 -Butanesulphonic acid, {tv) /erf-Butyl sulphide. 

(v) Diethyl sulphoxide. (v0 Dimethyl sulphone. 

(v/f) Mustard gas, (viti) Sulphonai. 

3. How will you proceed to synthesise mustard gas 7 Discuss its use as 

a poisonous gas. (Punjab B.Sc. 1971) 

4. n-Propyl bromide reacts with KSH to yield C|H a S (A) which givea 
with cone, nitric acid C B H a O a S (B). The compound B reacts with PC1 B i 
gives a chloride (C). Identify the compounds A, B and C. 

ANSW ERS 

4. A is CH.CHa.CHi.SH (Propanethiol); 

O O 


B is CH.CH..CH,—S—OH 


C is CH t .CH,.CaU—S—O 


1 -Propsneiuphonic acid 


1-Propanesulphonyl chloride 




Aldehydes and Ketones 




1. Carbonyl Com pmmdi .— Aldehydea and ketones are 
ihydrocarbon derivatives which contain the carbonyl group, C«0, 
The compound is an aldehyde if the oxygen atom is attached to a 
^primary carbon and it is feelone, if the oxygen atom is attached to a 
mccndary carbon, e.p. p 

O 0 

I I 

CHr-CHi—C—H and CH,—C—CH. 

Propsonsidehydo Dimethyl ketone or acetone 

(An aldehyde) (A ketone) 

(Isomers represented by the molecular formula CAO) 

Both aldehydes and ketones have the general formula C^H^O. 
"The characteristic group of aldehydes is CHO ot — CH=*0 and 
occurs only at the end of the chain. The characteristic group of 
ketones is >C«0 which cannot occur at the end of the chain as 
each of the two free valencies is. joined to a carbon atom. The 
carbonyl group (>C«0) is referred to as the ketonic group when 
it occurs in ketones. 



The electronic structure of the 

carbonyl group 


bital on oxygen containing 
the two lone pairs* 


Carbonyl carbon atom is joined to three atoms by 
bonds utilize ip> orbitals, they lie in the same plane and i 


o-bonds. Since 
are 120° apart, 




Polarity of carbonyl group. 
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The aarbonyl bond la a double bond composed of a e-bond and a «-bond. 
It is polarised. Dipole moments of aldehydes and ketones have shown that the 
Talues are biger than can be accounted for by the inductive effect of oxygen 
atom. This can be accounted for if carbonyl compounds are resonance hybrids. 



RESONANCE FORMS 


Thus the carbon atom has a positive charge and can be attacked by nucleo¬ 
philic reagents. The carbonyl group also exhibits basic properties ; it is readily 
protonated by strong acids. Oxygen being more electronegative than carbon 
the second resonating structure makes a larger contribution than the first. 


2. Nomenclature : Aldehydes. —The general formula of the 
aldehydes is RGHO. Their common names are derived from the 
acids that they form on oxidation. The suffix -ic acid is replaced 
by -aldehyde. In the IUPAG nomenclature the name of an aldehyde 
is derived from the corresponding alkane by replacing the final a by 
al as given below ; 


Formula 

Corresponding acid 

HCHO 

O 

-* HCOOH 

Formic acid 

CH..CHO 

0 

-► CH.COOH 

A cede acid 

C^H.CHO 

O 

-► C,H.COOH 

Propionic acid 

C,H t CHO 

O 

—► C t H v COOH 

Butyric acid 

<CiU.CH.CHO 

O 

-► (CHi)iCH.COOH 

bo-Butyric add 


Common name IUPAC nam 
Formaldehyde Methanal 

Acetaldehyde Ethanal 

Propionaldehyde PropanaJ 

Butyraldchyde Butanal 

Isobutyr- 2- Methylpropanal 

aldehyde 


To name higher members, longest chain containing the aide- 
hyde group is selected as the parent hydrocarbon. Numbering is 
begun with the aldehyde group as number 1 which may be omitted if 
the aldehydic group is the only functional group present in the com¬ 
pound. For example, 


CH«.CH a . ■CH— # CH 4 CH t . B CH t 

»Imo in, 


is 2-ethyl-3-methylpentanal. 

Ketones. The general formula of ketones is 


>~o. 

R'' 


When the two alkyl groups are the same, the ketone is termed 
to be simple while another with two different alkyl groups is termed 
a mixed ketone. 
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The lower members are commonly named accenting to the 
alkyl groups attached to the ketonic group. These are aho named 
after the add from which they are prepared. For example, the 
ketone obtained by dry distillation of calcium acetate is naxtffetl 
acetone. In the IUPAC system, ketones are designated by the 
suffix -one which is added to the name of the hydrocarbon from 
which they are derived. A few particular members are ; 


Formula of the Ketone 
* CH..CO.CH, 

* CHt.CHaCO.CH. .CH, 


CH 1 .CO.CH,.CH t .CH i 


Common name 

Dimethyl ketone 
or Acetone 


Diethyl ketone 
(Simple) 

Methyl propyl 
ketone 


IUPAC name 

Propanone 

(Simple) 

3-Pcntanon© 

2-Pentanone 

(Mixed) 


In the case of substituted ketones the positions of side-chains 
are indicated by Greek letters, a, 0, etc. (Trivial system) or num¬ 
bers (IUPAC system). Carbon atom adjacent to the ketonic group 
is termed a and the one next to this fk For example, 


B a «' P' 

CHf.CHCl.CO .CH a .GH a Ci 


is a : P'-dichlorodiethy 1 ketone (Trivial name) or 
l CH 1 . 4 CHCl.*CO. l CH 1 . 1 CH a Cl 
1, 4-dichloro-3-pentanone (IUPAC name). 

Similarly K3H 1 .KM.H30. l CH. a CH i .«CH a 

CH a CH a 
is 2, 4-dimethyl-3-hcxanone. 

3. General Methods of Preparation of Aldehydes and 
Ketones.— 


(1) By the oxidation of alcohols with acid dichromate . Primary 
alcohols give aldehyde* whereas secondary alcohols give ketones* 


Acid dichromate 

CH.CH.OH + [OJ-► 

Ethanol 

(A primary alcohol) 

CHi ^>CHOH +[0] --► 

ch/ 

Isopropyl alcohol 
(Sec, alcohol) 


CH.CHO +H.O 
Acetaldehyde 
(An aldehyde) 

CH,v 

>C-0 +H.0 
CH,/ 

Acetone 
(A ketone) 


C f s -s ) 


(*.-«*.) 


Oxidation may also be effected by passing the alcohol vapours 
mixed with air over silver catalyst heated to 520K. The yield is 
about 60-75%. 


During preparation of aldehydes by oxidation of primary 
alcohols, aldehyde must be removed from the reaction mixture as 
soon as it is formed, otherwise the aldehyde formed will be further 
oxidised to the corresponding acid. 

(2) By the catalytic dehydrogenation of alcohols. The vapours of 
alcohol are passed over heated copper at 570K. 
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R.CH fl OH 
Primary alcohol 


Cu.STOK 


R 


>» 


[OH- 


Cu, 570K 


Secondary alcohol 
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R.CI* + H a 

Aldehyde 

(«.) 

*, >°° + H.O 

(«.j 

Ketone 



In this process there is no risk of further oxidation of aldehyde 
obtained. 


(3) By heating calcium salts of fatly acids . An aldehyde is 
obtained when calcium salt is heated with calcium formate. A ketone 
is obtained when calcium salts other than formate are heated. 

ch.CooT /oIoch 

+ Ca/ —► 2CH.CHO + 2CaCO a 

CH t )COCK n o| oCH Acetaldehyde 

Calcium acetate Calcium formate 


The yield is poor as a ketone (acetone here) and formaldehydes 
are also obtained along with the aldehyde (acetaldehyde here). 


(HCOO).Ca 
Cal. formate 
CH a CO,5T- 

IT ><* 

CH a |C00 X 
Calcium acetate 


HCHO + CaCO. 
Formaldehyde 


CHtv 

J>CO +ZCaCC\ 

CH a 

Acetone 


CH a CO 

CH.CO 


£>+ c < 


OOC| 

OOC 


C.H. 

C.H. 


Calcium acetate Caltium propionate 


+2CaCO a 

2CH.' 

Ethyl methyl 
ketone 


Yield is poor for mixed ketones, because in addition to mixed 
ketone (ethyl methyl ketone here) simple ketones (acetone and di¬ 
ethyl ketone here) are also obtained. 

Barium, manganese and thorium salts give better yield of 
ketone than the calcium salts. 

(4) By passing the vapours of fatty acids over manganese oxide 
as catalyst at 570K . An aldehyde is obtained if formic acid is one 
of the two acids otherwise a ketone is formed. 

MnO 

CH»I COOH + HO|OCH —h► CH,CHQ +CO.+H.O (/.*.-*.) 

Acetic acid Formic acid Acetaldehyde 

MnO 

CHiCO/OH H- HOOC I CH a --► CH a COCHi+CO a +H t O (#.) 

(Acetic acid two molecules) Acetone 

Probably manganous salts are obtained as intermediate products 
which decompose to give an aldehyde or a ketone and manganous 
carbonate. The latter decomposes at 570K to regenerate the 
catalyst. 

MnCOi—►MnO + CO.2 

A mixture of fatty acids gives mixed ketones* The yield is. 
however, low as explained above. 
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(5) By h ydrol ysis of atkytiims halides. 


CH,.CHC1,' 

EdqMne 


NaOH 


CH»CH(OH), 
Dflqnric alcohol 
(uitttabJe) 


—H|0 


CH.CHO 

Acetaldehyde 


CM, 


CH/ JCa 
Isopropylidene 
chloride 


NaOH 


CH«v y OH — H.O CH.v 

yC^ S’ yC"0 

CH,^ X)H CH/ 

Acetone 


(f.) 


This method is not used much since aldehydes arfc affected 
by alkali and the dihalides are usually prepared from the carbonyl 
compounds. 

(6) Aldehydes are obtained by the reduction of acid chlorides with 
hydrogen in boiling xylene in the presence of a catalyst—palladium 
suspended in barium sulphate (Roaenmnnd’e reaction). 

CH.COC] + H. —► CH.CHO + HQ (*-*./.) 

Acetyl chloride Acetaldehyde 

Aldehydes are more readily reduced than the acid chlorides 
but the final product is not an alcohol. This is because of barium 
sulphate which acts as a poison for the palladium catalyst and pre¬ 
vents the'aldehyde from being reduced to alcohol. Generally a 
small amount of quinoline and sulphur is added. These are very 
effective in poisoning the catalyst. 

Ketones are prepared by the action of dialkylcadmium on acid 
chlorides. 

2RCOC1 + R' s Cd-► 2RCOR'+CdCl 1 

Grignard reagent also reacts with acid chloride to give a 
ketone but the ketone obtained reacts further with one more mole¬ 
cule of Grignard reagent to produce a tertiary alcohol. 


/° yCHj CH, X 

CH,—C—Cl+Mg< -► >C=0 +MgCl f 

V C1 CH*/ 

CH 3 x /CH* 

>C=0+Mg< -► (CH s ) 3 C—OMgCl 

CH*' X C1 

HiO /OH 

—(CH 3 ) s G—OH + Mg< 

N CI 

Hence dialkylcadmium is superior to Grignard reagent for the 
preparation of ketones. 


(7) By ezotiolysis of olefins 

Or 

RCH- CHR'—►RCH—O—CHR' 
Olefin 



H. 

-► 

catalyst 


Ozonide 

O. H. 

RsC-CR'. R.C—O—CR'. -► 

11 catalyst 
Q .- Q 
Ozonide 


RCHO + R'CHO (*.-**.) 
Aldehyde (Two molecules) 


R.CO + R'.CO (j.-vj.) 
Ketones (Two molecules) 



ai 
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(8) By the oxidation gf J, 2-glycaIs with had tetraacetate or 
periodic ootf. 


ItCHOH 

roj 




R'^HOH 


RCHO + 

R'CHO 



Aldehydes 


H.COH 

R’.COH 

Rv 

>C0 + 

R' 

R' v 

*> 

Is-*-*) 


Ketones 



(9) By addition of water to acetylene or its derivatives in presence 
of 42% sulphuric acid containing mercuric sulphate as catalyst. 
Acetylene gives acetaldehyde whereas its homologues yield ketones. 

CHmCH + H|0 —* CH.CH -0 (r^.) 

Acetylene Acetaldehyde 

CH,.CmCH + H.O —» CH.CO.CH, (f.) 

AUylene Acetone 

(10) By reduction of an alkyl cyanide dissolved in ether with 
stannous chloride and hydrochloric arid and hydrolysis of the imino- 
Moride so obtained with water (Stephen’s method). 

H H SoCKa O Ha H .0 

RC*N-*» RCH-NH.HC1 —► RCHO + NH4CI 

+HC1 Iminochloride 


There is no analogous method for the preparation of ketones. 

(11) From Orignard reagent which gives aldehydes with hydrogen 
cyanide and ketones with alkyl cyanides. 

A t O |Ha I 2 H.O /OH 

BQsN + Mg' —► R.CH-N— Mgl-* RCH-0+Mg< +NH, 

Hydrogen M ( H IOH Aldehyde M 

cyanide Grignara Addition product 

reagent 


y-CHj 

GHr-CaN+Mg< 
Methyl cyanide N I 


CH|^ O |H| 1 m 
■ Nc«* N—IMgl - 
CH/ |h [OH 
Addition product 


2H.O CH 


+NH. 


Acetone 


(12) Ketones art prepared by the ketonic hydrolysis of the alkyl 
derivative of acetoacelic ester by boiling with dilute arid or dilute alkati 9 
preferably arid solution. 


H • OH • 2KOH 

CH.CO.CHa • CO* OC.H,-► CHa.CO.CH 1 +K,CO l +C 1 HiOH 

•HO; H Acetone 

Acetoacetic ester 

H ;OH; 2KOH CH^ 

CHaCO.CHR :CO; OC,H,--► >CO +K.CO, +C ( H t OH 

•HO; H RCH,' 

Alkyl dertv. of acetoacetic ester Ketone 

For mechanism of Ketonic hydrolysis see chapter 30, page 2'Ail. 

There is no analogous method for the preparation of aldehydes. 

4. General P r o pe r ti es of Aldehydes and Ketones.— 

( 0 ) Physical. (*) Except formaldehyde which is a ga% lower 
aldehydes and ketones are colourless volatile liquids. Higher ernes 
are solids. 
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(«) Lower aldehydes possess rather unpleasant smell while 
ketones have a pleasant odour. Higher aldehydes have a fruity odour* 
(iii) Formaldehyde, acetaldehyde and acetone are freely soluble 
in water. Solubility decreases with the rise in molecular weight and 
members with five or more carbon atoms are insoluble. 


Solubility of lower members in water is due to some hydrogen 
bonding between >C=0 group and water molecule and smaller 
size of alkyl group. Solubility decreases as the size of alkyl group 
(hydrocarbon part) increases. 

(iv) Other physical constants have a regular gradation* Iso¬ 
meric aldehydes and ketones do not differ widely from each other in 
their physical constants. 

Aldehydes and ketones are polar compounds because of the 
>G*»0 group. Intermolecular forces in them are stronger than 
in hydrocarbon molecules but weaker than those in alcohols having 
hydrogen bonds. Hence their boiling points lie between hydrocar¬ 
bons and alcohols of comparable masses. For example 

Compound : n-Butane n-Butyraldehyde n-Butyl alcohol 

Boiliny point (K) t 309 349 391 

(c) Acetone and other lower ketones arc very good solvents 
and arc widely used as such. 


(6) Chemical. Both aldehydes and ketones contain the alkyl 
group and carbonyl group as given below : 



Alkyl Carbonyl 
radical | group 

An Aldehyde 


Hydrogen 

atom 


O 


Alkyl 

group 


Carbonyl 

group 



This accounts for the large number of reactions common to 
both aldehydes and ketones. It has been found that the reactivity 
of carbonyl group depends on the nature of alkyl groups attached to 
it* Smaller the alkyl group, the more reactive is the carbonyl group* 
For example, the order of reactivity is as given below : 



CHr^ 


CO > 


CH, 


CH, 


Nro 


/ 


**> 

ch/ 


The large groups protect the carbon of the carbonyl group 
from the attacking nucleophile. 


# The lonely hydrogen in aldehydes is very reactive ?md is readily 
oxidised to OH group. This along with the order of reactivity as 
given above accounts for the reactions in which aldehydes and 
ketones differ* 

Two principal reactivities common to aldehydes and ketones are 
(i) Nucleophilic addition reactions to the carbonyl group. 


— +Nu~C—0 


B® I 
JL* Yu—C —OH 

I 
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00 Active hydrogen reactions in which the a-hydrogen is removed by base 
mud the resulting enolate anion serves as a nucleophile for attack on other mole¬ 
cules (see page 2‘ 19B). 

(1) NudeopUDc Addition reactions of the Carbonyl 


The part of the compounds comainbis die carbonyl is flat (planar), the 
ir electrons being above and below in a direction perpendicular to the plane of 
the group, the nucleophilic reagents attack at these places. The typical reaction 
4s that of nucleophilic addition . As a result of such addition the caibonyl C 
(which is sp* hybridised) acquires tetrahedral* configuration around it (jp* 
hybridised). * 

The real cause of the reactivity of the carbonyl group towards nucleophiles 
la the tendency of the oxygen atom to acquire electrons—its ability to cany a 
negative charge end impart positive charge to carbonyl carbon. 

A typical acid catalysed addition of a nucleophile will be as follows; 


yc—o 

Planar 


f Vv 

>w 


3 

. OH 



Undergoes nucleophilic 
attack more readily Tetrahedral 

In the presence of acid, the carboayf group gets pioton&ted. This prior 
protonaAsn lowers the Eart foe nucleophilic attack, since it permits oxygen to 
acquire n electron* without ha * ing ro accept a negative charge. 

l>e alkyl groups of ketones,.being electron-releasing, make carbonyl C less 
positive and decreases its tendency tot accepting the nucleophile. Aldehydes 
undergo nucleophilic addition more readily than ketones . 

(t) AidUioii of Hydrocyanic Acid. When treated with sodium 
cyanide and dilute sulphuric acid the carbonyl group adds on 
hydrogen cyanide to form cyaaohydrina 

yc-o + hcn-- / c n cn (r-*f> 

Cvanohydrin 


CH.CH -0 + HCV 
Acetaldehyde 


CH,v 

>C -0 + HCN- 
CH.^ 

Acetone 


CHjCH 


/OH 

Vn 


Acetaldehyde cyanohydrin 
CH,x /OH 

CH.^^CN 
Acetone cyanohydrin 


Cyanohydrins are important compounds .in organic synthesis as 
they are readily hydrolysed to a-hydroxy acids. 

.OH H f O 

CH.CHC-- 

X CN 

Acetaldehyde a-hydrqxypropionic acid 

cyanohydrin (LaesitmMf 

(is) Addition of Sodium bisulphite* Aldehydes and ketones 
add on sodium bisulphite to give crystalline bisulphite compounds. 
These on heating with dilute add or sodium carbonate solution 
regenerate the original aldehyde or ketone. This reaction affords a 
convenient method of separating aldehydes and ketones from non* 
carbonyl compounds. 


.OH 

CH,CH< 

XXKW 
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>C-0 + 

Cartxwyl troop 

CH.CH-0 + 
Acetaldehyde 


CH^. 

>c-° 

CH./ 

Acetone 




NtHSO, 


CHfy/OH 

CH/ ^SO.lJa 
Bisulphite compound 


Mechanism of the fonnition of cyanohydrin and bisulphite 
has been suggested as follows: 



SOoOH 


OH 

R — C —fl 

I 

CN 

CYAHOHYDRIN 

OH 

R—f —H 

I . 

SOgO 


bisulphite 

COMPOUND 


The carbonyl group >C—O undergoes electro meric effect at the 
requirement of the attacking reagent Positively charged carbon atom is 
attacked by the nucleophilic reagent while negatively charged oxygen atom Is 
attacked by electrophilic reagent. Positively charged carbon being less stable 
arrangement is attacked first and the negatively charged oxygen being move stable 
arrangement is attacked later. 


(its) Addition of Orignard reagent . The carbonyl group adds 
on Grigniird reagent and the addition product on hydrolysis yields 
an alcohol. For example, formaldehyde gives primary alcohols, 
other aldehydes form secondary alcohols while ketones yield tertiary 
alcohols (see page 2*126). 


,X 

>C-0 + Mg' —► 

Grignard 

reagent 


yOMgX H.O y OH 

>c 4 - >c 4 

Addi Uon Alcohol 

product 


Ad dition to Conjogated Aldehydes and Ketones. Conju¬ 
gated dienes may undergo 1, 2- or 1, 4- addition as discussed on 
page 2*49. In unsaturated aldehydes and ketones when the >C»0 
group is conjugated with the >C*=C<, the resulting enone may 
also undergo these two modes of addition. J, 2- additions are called 
normal additions whereas 1, 4-additions are often termed conjugate 
addition. 


2tfl2G2HLi i 
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tm 


Conjugate addition 

f I I 1 

>C-C-C-0 
normal normal 
addition addition 
to C=C to C«=0 

The overall result of electrophilic addition to cnomce 
appears to be an anti-Markownikoff addition to G«C. Actually, 
however, it is the result of 1, 4-addition followed by tautomerisnflL 
Mechanism of the Conjugate electrophilic addition. It 
involves the following steps : 

(0 Addition of electrophile H 1 * to O of C-O group. 

(if) Addition of Nu® to C of C—C when an eno< is formed. 

(iff) Tautomerism to give the keto form. 

I I H® || Nu« 

>C=C—C=0 —► >C-C^;C—OH —► 

a+ 

III III 

—C—C=C—OH —C—C—0=0 

I I I 

Nu Nu H 

enolic form keto form 

1,2-Addition to C=0 group in this case would result in the 
formation of > C = C—OH which is geneially unstable. K£3 
I 

Nu 

In nucleophilic addition to enoncs both normal and conjugate 
addition is possible, 

Normal nucleophilic addition : 

| | Nu-E 

>C=C—0=0-*■ >C=C—O—E 


Conjugate nucleophilic addition ; 

I I Nu® I I | a NuH 

>c—C;-C r O-► —C—0=0-0®-* 

8 * 8 - | 

Nu 

III III 

—C—C=C—OH o* — 0-C-C=O 

I I I 

Nu Nu H 

(1. 4-addition) (net result is 1,2-addition) 

(2) Addition-Elimination Reactions. A variety of am¬ 
monia derivatives, NH»—G give acid catalysed nucleophilic addi¬ 
tion reactions with >C=0 group but the reaction is followed by 
elimination of H,0 molecule from the addition product. 

toc— n-r* 3-H 
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H HI 

>0*0 ——► >C=*N—G + H.O 
H+ 

(<) With Hydroxylamine —NH,OH. Aldehydes and ketones, when 
treated with hydroxylamine, foim oximw which are known as 
•mtdoximes and ketoximes respectively. They are usually well-defined 
crystalline solids and may be used to identify aldehydes and ketones* 

>C-| Q + Hg lNOH —► >C-NOH + H.O (*.*> 

Carbonyl Hydroxyl- Oxime (An aldo- 

group amine xime or hetoxime) 

CH.CH—[ 0~ + H. lNOH —► CH.CH-NOH + H.O 

Acetaldoxime 

(CHa>,C—lO ~ 4- HJ NOH * (CH,).C-NOH + H.O 

Acetone Acetoxime 

(it) With Hydrazine —NH a .NH r Aldehydes and ketones react 
with] hydrazine to give hydrazones. 

>C~] 0 ± H, 1N.NH, —► >C-N.NH, + H.O 

Hydrazine Hydrazone 

CH,CH«l 5 + H, |N.NH. CH.CH-N.NH, + H.O 

Acetaldehyde 

(CH a ) a C« |Q T H. lN.NH, (CH.J.C-N.NH. + H.O 

Acetone 

(iii) With PhenyXhydrazine —C 8 H S NHNH.. Phenylhydrazine 
reacts with carbonyl group to form phenylhydra zones. 

>C-| Q + H. jN.NHC.H. —* >C—N.NHC.H, + H.O 

Phenylhydrazine Phenylhydrazone 

CH.CTM O V H. lN.NHCiH, —» CH,CH«N.NHC,H, + H.O 

Acetaldehyde 

<CH.) a C^| 6 ^ H. IN.NHC.H, —-► (CHi).C-N.NHC.H l + H.O 
Acetone 

Mechanism of Addition-Elimination Reactions with NH s OH, NH..NH*, 
NH.JNHC.H.. etc. (H.N—G in general—derivatives of NH,). The reaction 
Is] carried out in acidic solutions. 



>C C:h-6 



PROTON ) 
EXCHANGE 


H H 

NUCLEOPHILE 

OH 

>i—N— G - H2 ° * >C==N—G 
it 

I 

Nnetoophllic Addlthp U followed by proton exelufae &ad elimination of H,0- 

. L 
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(*») W fA Semicarban&t —NHj.GO.NH.NH,. Scnuaurbuode 
react! with the carbonyl group to form well-defined 
compounds called Semicarbuean. 

>c-| p + H. IN.NHCONH, ■* >C-N.NHCONH, +H.O 

CH^H-( gTS| N.NHCONH, ■» CH.CH-K.NHCONH, +H.O 

(CH,),C- |0 + H. jN.NHCONH. -*■ (CH,),C-N.NHCONH, +H.0 
Aoetone Scmicarbazide Semicarbazonc 

(*) With thioaicohdls (mercaptan), RSH. Aldehydes and ketones 
condense with mercaptans to form mercaptals and mercapatol respec¬ 
tively (see page 2i80j. 

>C-0 + 2RSH -► >C(SR), + HUO 

Mercaptan Mercaptal or 
or (hioalcohol Mcrcaptol 


(vi) With Phosphorus pentachloride. Phosphorus pentaehloride 
reacts with aldehydes and ketones and replaces the carbonylic oxygen 
atom by two chlorine atoms. 


>C-0 + PCI. 

CH.CH-O + PCI. 

Acetaldehyde 

CH.v 

>c-o + PCI, 
ch/ 

Acetone 


>CC1, + POO, 

AJLky]idene chloride 
CH.CHC1. + POCl. 

Ethyli dene chloride 


CHrv 

ch/™- + roa - 

Isopropylidene chloride 


(3) Reduction. Aldehydes are reduced catalytically or with 
dissolving metals to primary alcohols while ketones yield secondary 
alcohols. The addition takes place in the carbonyl group present 
in both, as given below. Aldehydes and ketones are, however, con¬ 
veniently reduced with lithium aluminium hydride, LiAlH 4 . 

v 2H+ v yOH 

yC—O +2r* -* >C-—O"-► 

Gubonyl group Alcoholic group 


H./cat, 

CH.CH-O -* 

Acetaldehyde or LiAlH. 

CH.v 

X-0+2[H] --+ 

CH n ' 

Acetone 


CH.CH 


^yOH 

Nl 


Primary alcohol 
CH, V yOH 

CH/^H 
Secondary alcohol 


With concentrated hydriodic acid and red phosphorus the >GO 
group is reduced to a methylene (—CH*—-) group. The same reduc¬ 
tion can be effected with amalgamated zinc and concentrated hydro* 
chloric acid (Glemmensen reduction). 

Zn/Hg 

RCH-O + 4[H] -RCH, + H.O 

oonc. HC1 

IU )C-0 +4{H] . - > *Sch, + H.O 

R 5 
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Carbonyl group can also be converted into the methylene group 
by WoMMUahnnr reduction. Hydrazone of the carbonyl com¬ 
pound is heated with CjH B ONa at 450K when nitrogen is eli m inated 
resulting in the formation of a methylene group in place of original 
carbonyl group. 

NH t NH| GaH«ONa 

>C«0-► >C-NNH f -* >CH, + N. 

Carbonyl Hydrazone 4S0K Methylate 

group group 


Ketones can be reduced to secondary alcohols with aluminium 
isopropoxide in 2- propanol solution (Meerwein-Ponodorf 
redaction) 

(Me B CHO) B Al 

R t C-0-► R,CHOH 

Kctooc in Mc t CHOH sec alcohol 


(4) Oxidsdon. Aldehydes are easily oxidised to the corns- 
ponding acids and on this account, act as strong reducing agents. 
For example, they reduce ammonia cal solution of silver nitrate 
(Tollen’s reagent) to metallic silver and Fehling’s solution (an alkaline 
solution containing a complex of copper tartrate) to red cuprous 
oxide. 

CH.CH-0 + O —► CH.COOH 
Acetaldehyde Acetic acid 

RCHO + 2Ag(NH i ) 1 + +30H" —► RCOO" + ZAg +4NH.+2H.O 
Am. silver nitrate soln. Silver mirror 

RCHO + 2Cu»++50H RCOO +3H.O+ Cu.O 

From Fehling’s Cuprous oxide 

solution {Red ppt.) 


Ketones, on the other hand, are oxidised with difficulty to give 
■rids with less number of carbon atoms. They do not reduce 
ammoniacal silver nitrate or Fehling’s solution. 

K t Cr i 0 T -hH.S0 4 

CH.COCH, + 40-► CH.COOH + CO B + H.O 

In the case of mixed ketones, the carbonyl group remains with 
the smaller alkyl group during oxidation. For example, 

[O] 

CH.CO—CH.CHiCH. —► CH B COOH + CH B CH,COOH 

Methyl propyl ketone Acetic acid Propionic aud 

(5) Halogenation. 1 his is a property of alkyl group in which 
substitution occurs. 

CH b CHO + 3C1 b —► CCl.CHO + 3HC1 

Acetaldehyde Chloral 

CH.COCHt + 3C1* —► CC1 b C 0CH. f- 3HCI 

Acetone Tnchloro-acetone 


(6) Aldol Condensation. Union of two or more molecule* of 
the same or different compound a, with or without the elimination of a 
mail molecule such as wafer, ammonia , methyl alcohol , etc., resulting 
in the formation of a new substance is called Condenaation. Charac¬ 
teristics of the change are : 

(i) It is an irreversible change. 

(ii) It is a union with or without the elimination of component 
el ementa. 
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(tit) New carbon-to-carbon linkage is set up. 

(»v) Molecular weight of the product may or may not be carnet 
multiple of the molecular weight of the original substance. 

For example, 


(a} In presence of dilute alkali, potassium carbonate or hydro¬ 
chloric acid two molecules of acetaldehyde condense to give a syrupy 
liquid known as mMol. 


H H 

CH .i + H CH..CHO —►CH,—i—CH. CHO 


I 

o^~ 


I 


Acetaldehyde [Two molecules) 


(Sh 

A Idol 


On heating aldols eliminate water to form unsaturated com¬ 
pounds. For example, aldol on heating gives crotonaldehyde. 

Heat 

CH.CH—CH.CHO-CH*CH—CH.CHO 

| | —H,0 Crotonaldehyde 

j OH H i 

The mechanism of the aldol condensation is probably as given below : 

Aldehydes and ketones can add together (aldehyde-aldehyde, or alde¬ 
hyde-ketone or ketone-ketone) provided an a-hydrogen is available (H at carbon 
neat to carbon of >C=0). The mechanism of a base catalysed aldol conden¬ 
sation (CH,CHO and CH.CHO) is given below : 


0 

HO 


H 2 0 + :CH 2 — CHO 


ijfjE ACTlAl DC HYDE 


CARBANION 


■'O 

I 


Nj(LEOPHi-E 


r.r— (' f:cH 2 — cho ^ h 3 c—l—ch 2 —i'HO 

1 H 

OH 

H 3 C — CH — CHf-^CHO 

ALDOL 


The OH" (catalyst) reacts in step (0 to produce the nucleophile carbanio a. 
The catalyst is regenerated in (he third step. 

(6) In many cases it is the unsaturated compound that is iso¬ 
lated and not the aldol, e.p., condensation products of acetone. In 
presence of dry hydrogen chloride it gives mesityl oxide or 
pkorotke whereas in presence of concentrated sulphuric add mesi- 
tykac is obtained. 
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(0 *^>C- lO+HilCH.CO.CH, 

CH/ - dry HQ gw CH 

Acetone (two molecules ) 


—H.O CH, 
*■ 


'V-CH.CO.CH, 
<■ Mesityl 


<«> 


CH, 

CH, 


CH 

^>c- (o+h7 ich.co.ch /h7+o |-c/ ' 

Acetone (three molecules) 'CH, 
-2H.O CH.. 


-- ^c-ch.co.ch-c/™' 

dry HQ gas CHr Phorone x CH t 

C.CHa 


CH, V 

(/if) 3 >C-0- 

CHg' 


—3H,0 


CQDC. H|SO« CR%C 



C.CHa 


Mesitylenc (yield—25%) 

(c) In the presence of barium hydroxide, acetone gives diace¬ 


tone alcohol, 
CH, 


>x Ba(OH)a CH.v 

>C+ H.CH..COCH. * ^C-CH.COCH. 

CHa I I CH/ I 

O*- -* OH 

Dtaoetonc alcohol 

The aldol condensation can occur : 


(0 between two aldehyde molecules (identical or different) ; 
(t») between two ketone molecules (identical or different) j and 
(m) between an aldehyde and a ketone. 

In all cases ft is only the a-hydrogen atom which is involved in 
aldol condensation. 


(7) Enollxation. Aldehydes and ketones possessing an 
a-hydrogen may undergo tautomerisra 
R 1 O 

| II R\ yOH 

R—G—C -R m ** ;C=C< 

I R S 'R* 

■ H 

keto form enol form 

(more common) (less common) 

Enolization may be catalysed by acids or bases. In both 
cases acidity of the a-H atom plays an important role in the 
mechanism. The acidity of hydrogen atom in the a-position of 
the carbonyl group arises from the electron withdrawing effect of the 
carbonyl group and the stability of the enolate ion which results 
when a proton has been removed from the a-position. 



The enolate ion is negatively charged and has a high electron 
density. The enol formed by protonation of the enolate gn oxygen 
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is also comparatively electron-rich around the a-carbon atom. Hence 
the enolate ion and the enol are both subject to electrophilic attack at 
this atom. Halogenation of ketones at the a-position is one reac¬ 
tion which depends on this reactivity. Haloform test for methyl 
ketones depends, among other things, on the same. 

The Haloform Reaction. Acetone reacts with halogens 
in the presence of base (i.e., in hypohalite solutions) when three 
hydrogen atoms of the methyl group are replaced by halogen 
atoms. Multiple halogenation occurs because on substitution of the 
first hydrogen by halogen atom, the remaining hydrogens on methyl 
carbon are more acidic through inductive effect of X atom. Thu* 
H atom of CHj in 1 is acidic but the H atom ofCHgX in II is 
more acidic due to inductive effect of X atom. For the same reason 
H atom of CHXj in III is most acidic. 



B ? . B - ° * 

ch 3 -c—c-{h)^m 


_]Ua*=L 


or) 


I 

H 


■C: 

I 

H 


0 X 


CHj 




w x. 


(W H 


0 

II 

ch—c—cx 9 


This is an example of base-promoted halogenation. Different 
steps involved are : 

(i) Abstraction of a proton by the base ;B, 

(*•) Electrophilic attack by the halogen at the negatively 
charged centre. 

(ift) Repetition of the above two steps till all the three hydro¬ 
gen atoms of the CH 3 group are replaced by three halogen atoms. 

The tnhaloacetone so obtained further reacts with aqueous 
alkali. The OH' attacks the carbon atom of the trihalpacetone and 
causes a cleavage of the carbon-carbon bond between the carbonyl 
group and the trihalomethyl group. The ultimate products are the 
acetate ion and the haloform (CHC1*, CHBrj or CHI*) 
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<3 

ch 3 — c —ch 3 — c— cat 3 


^5h 

o 


OH 


CHj—c + :cx 3 - P - Tw ‘ CKa— C— <5 + CHX 3 


OH 


Exchange 


Acetone ion Haloform 

Various steps involved in the mechanism of the reaction are : 


(t) Nucleophilic attack by :OH. 


(it) Adduct loses :CX a to form acetic acid 

[Hi) Proton exchange to form a more stable pair 
O 

I' - 

(CH 3 C—O and CHX 3 ) 

The haloform reaction using iodine and aqueous NaOH is 
termed the idoform reaction. It is given by all compounds contain¬ 
ing the two groups shown Lelow : 

—C—CH 3 and —CH—CH a 

, II I 

O OH 

(B) Alkylation. Rapid addition of a strong base (e.g., 
"OR, ~NH ZJ H~) to an aldehyde or ketone gives the enolate ion 
which can react with R —X (wherein X is usually halogen or 
tosylate) to give an alkylated ketones or aldehyde. 

H O 0 S ~fi+ $- R' O 

I II B: ® s - I: R'—X | II 

R,C—CR-* R a C ^CR—> R a C—CR 

Ketone Carbanion product 

Some Reactions of the Aldehydes not given by Ketones : 

(1) Polymerisation. Aldehydes have a general tendency to 
polymerise, ketones do not polymerise. 

Union of two or more molecule* of a compound > without the 
elimination of a small molecule such as H 2 0, NH a or CH^OH, etc., 
resulting in the formation of a new compound is called polymerisa¬ 
tion. Characteristics of the change are : 

(*) It is a reversible change. 

(it) It is the union between molecules of the same compound 
without elimination of component elements. 

(iit) No new carbon-to-carbon linkage is set up. 
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(iv) Molecular weight of the polymer is an exact multiple of 
the molecular weight of the original substance. 


For example, 

nHCHO 
Formaldehyde 
(00 win.) 

3HCHO 
Formaldehyde 
( 00 . so In.) 


Evaporate 

* (CH,0)» 

Para-formaldehyde 


On standing 


(HCHO), 

Meta-formaldehyde 


cone. HgSO| 


3CH,CHO 

* (CH.CHO), 

Ace talclt hyiic 

Paraldehyde 

CH. 

CH.CH* 

/\ 

s\ 

o o 

1 1 

o o 

1 1 

H.C CU, 

CH.CH CH.CH, 

\/ 

\/ 

o 

O 


Mcta-fornialdehj, Jc Paraldehyde 


(2) Acetal Formation. In presence of dry hydrogen chloride 
gas aldehydes condense with alcohol to form first the hemi-acetal and 
then the acetal . 

HCl .OH R'OH /OR' 

RCHO+R'OH * RCH< «* FCH< + H t O (g.) 

X OR' X OR' 

Hemi-acetal Acetal 


Acetals may be named as 1, 1 -dialkoxyalkan.es. They are 
stable compounds and ai r also stable in the pi rsence of alkali. In 
presence of acid, however, parent aldehyde is regenerated. Acetal 
formation is used to protect the aldehyde group against alkaline 
oxidising agents while in acid solution it can be protected by mer- 
captal formation. 

Ketones do not readily form ketals with alcohols. Ketals may, 
however, be obtained by treating the ketones with ethyl orthoformate. 

CH, V CH t \ 

X C~0 + HCfOC.H.). — ► }C(OC B H l ) B +HCOOC t H l (*.) 

CR/ Ethyl orthoformate CH t / Kctal 

(3) Addition of Ammonia. Aldehydes give an addition 
product called aldehyde ammonia while ketones give complex ketonic 
amines. Formaldehyde is an exception which gives hexamcthylene 
tetramine. 


CH,CH~0 + HNH, 
Acetaldehyde 

6 HCH=*0 + 4NHj 
Formaldehyde 


/OH 

CH,CH< 

x nh b 

Acetaldehyde ammonia 
(CH,) a N 4 + 6H,0 
Hexamethylene¬ 
tetramine 


CH.v_ ( 

>C-|0 + H/NH, 

ch/ f — 

Ih1ch.co.ch, 

Acetone'(2 moles) 


—H,Q CH,. /NH, 

”* * Ch/nSFI.GOCH, 
Diacetonamine 
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(4) Action of Gnostic soda. Aldehydes give brown resinous 
mass with caustic soda, with ketones there is no action. Formaldehyde 
undergoes disproportionation when one molecule is reduced to 
methyl alcohol and the second one is oxidised to sodium formate 
(Csmisuro s Reaction). 

2HCHO + NaOH CH.OH + HCOONa 
The resin is probably formed via a series of condensation. For example. 
In the case of acetaldehyde 

2CH.CHO-^CH b CH.CHiCHO--+ CH.CH-CH.CHO ■■ - ■ » 

I A Idol —H,0 Crotonaldehyde CH s CHO 

OH 

CHi.CH—CH.CH.CH|CHO -► CH..CH—CH.CH-CH.CHO, and so on. 

Ah . - Hl ° 

For mechanism of Cannizza'ro reaction see page 2'205. 


Similar to Cannizzaro reaction is the beazilic add roar* 


O O 


1 II 

rangement taking plade when a diketone, R—C—C—R, is treated 
with aqueous NaOH. Here one of the R groups migrates and one 
of the >C«0 group is reduced to an alcohol while the other one 
is oxidised to carboxylate group, —COO“ 

reduced function 

O O OH 


D II 

R—C—C—R 


aq NaOH 



R 

oxidised function 


(5) Tied&enko Reaction. All aldehydes can be made to 
undergo Cannizzaro’s reaction by treatment with aluminium etho- 
aide. The alcohol and acid molecules so obtained react further 
to give an ester. For example, acetaldehyde gives ethyl acetate 
while propyl propionate is obtained from propionaldehyde. 

Al(OC t H|) B 

2CH.CHO-► CH R COOCtH K 

Acetaldehyde Ethyl acetate 

AI(OC a H|) a 

2C*H.CHO-* C|H B COOC»H 7 

Propionaldehyde Propyl propionate 

This modified Cannizzaro reaction is called Tiachenko reaction, 

(6) Schiff’s Test. Only aldehydes give a pink colour with 
SchifTs reagent (rosaniline hydrochloride solution in water decolo¬ 
rised with sulphur dioxide). The mechanism of the reaction is 
obscure. 

Some Reactions of Ketones not given by Aldehydes : 

(1) Bimolecular Reduction to Pinacoli. Ketones on reduc¬ 
tion in add solution or catalytically give secondary alcohols. When 
reduced in neutral or alkaline solution, pinacoli arc the main 
products. For example, acetone when reduced with magnesium 
algam forms pinacol. 
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Acetone 


O + 2[H] 



Pinacol 

Mechanism of the Reaction. Two electrons of :Mg form two covalent 
bonds with oxygen atoms or two RjC—O molecules leaving an unpaired elec¬ 
tron with their two carbon atoms. These unpaired electrons form a covalent 
bond between two carbon atoms. The adduct on acidification forms a pioaooL 


RpC=0 


r 2 c — 0 > 


:m 9 - 


\ 


R P C « 


R 2 C —0 


/ 




RpC — 


RgC —O 


/ 


Vs' 




RpC—OB 


Adduct Pinaool 

(2) Condensation with Chloroform. Ketones condense 
with chloroform in presence of caustic potash to form chlorohyditxxf 
compounds. For example, acetone gives chloretone or chloro-butanol 
(1, 1, 1 -Trichloro-2-methylpropan-2-ol), 


CHt\ KOH 

/C*0 ■+■ CHClp — - » 
CH, 7 
Acetone 


CH ^ c / )H 

ch.'^cci, 

Chloretone 


5. Distinguishing Tests of Aldehydes end Ketones.— 


Ted 

Aldehydes 

1 Ua. 

1. With SchifTi re¬ 
agent. 

Pink colour. 


2. With sodium hyd¬ 
roxide. 

Brown resinous mass 
(Formaldehyde ex¬ 
ception). 

No change 

3. With ammoniacal 
silver nitrate. 

Silver mirror obtained. 

No mirror obtained. 

4. With Fehling's so¬ 
lution. 

Red precipitate. 

No precipitate. 

5, With saturated 
sodium bisulphite 
solution, in water. 

Crystalline bisulphite 
compounds with m.p. 
characteristic of the 
individual aldehydes. 

Crystalline bisulphite com¬ 
pounds with m.p, 
characteristic of the in¬ 
dividual ketones. 

6. Warmed with 

hydroxylamine or 
phenylhydrazuie. 

Well-defined crystal!Lie 
oximes and phenyl- 
hydrazones with m.p. 
characteristic of the 
individual aldehydes. 

Well-defined crystalline 
oximes and phenylhy- 
drmzones with m.p. 
characteristic of the 
individual ketones. 


SOME INDIVIDUAL MEMBERS 


6. Formaldehyde, Methanol, HCHO.—It ia the first 
member of the homologous series. 

Preparation. Formaldehyde may be prepared using general 
methods of preparation of aldehydes discussed already. It is, 
however, prepared industrially: 
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(0 By pawing methanol vapour over heated copper at 570K, 

Cu, 570K, 

CH.OH-► HCHO + H, 

Methanol Formaldehyde 

(ii) By catalytic oxidation of Methanol . Methyl alcohol vapouri 
mixed with air passed over a copper or silver catalyst at 523-623K. 
3CH.OH+0,-► 2HCHO+2H.O 

Presence of excess of air results in the further oxidation of for¬ 
maldehyde to formic acid. 

2HCHO + O.-► 2HCOOH 

Formaldehyde Formic acid 

The amounts of methanol and air must, therefore, be carefully 
controlled. 

The condensate obtained on condensing the vapours is a mix¬ 
ture of formaldehyde, methanol and water. Excess of methanol is 
removed by distillation and the resulting mixture called formalin 
contains 40 per cent formaldehyde, 8 per cent methanol and 52 per 
cent water. 

This very method is used for the preparation of formalin in 
the laboratory, 

(m) By passing methane mixed with oxygen over a heated catalyst , 
e.g molybdenum oxides. 

CH 4 +0. -► HCHO+H a O 

Properties : Physical. It is a colourless, pungent smelling 
gas readily soluble in water, alcohol and ether. It is a powerful 
disinfectant and antiseptic. When condensed, it yields a colourless 
liquid (b.p. 252K). 

Chemical. The chemical properties of formaldehyde are the 
properties of the characteristic aldehyde group (—CH^O) present 

therein. With a few exceptions, as given 
below, its properties are the general 
properties of aldehydes. 

(t) Reaction with Ammonia . For¬ 
maldehyde reacts with ammonia 
to produce hexamethylenetetramine 
(urotropine—a drug used in disinfecting 
urinary canal). 

6HCH«0+4NH, —► (CH.hN, + 6H t O 
H examethy lene- 
tetramine 

Thus in this respect it differs from 
other aldehydes which produce aldehyde 
ammonia—an addition product with 
ammonia , 

(ii) Reaction with Sodium hydroxide . Unlike other aldehydes 
which yield aldehyde resins with ‘ alkalis, formaldehyde undergoes 
Ganttinaro'a reaction. Two molecules of formaldehyde react 
with one molecule of an alkali, when one molecule is reduced to 
methyl alcohol and the other is oxidised to formic add. 



Proposed structural formula 
for urotropine. 



aldehydes and ketones 


2 ' 20 $ 


2HCH-0 

Formal* 

debyde 


+ KOH 
Potassium 
hydroxide 


"♦ CHaOH 
Methyl 
alcohol 


HCOOB 

Potassium 


The reaction b 
to one molecule of 


Mechanism of Gannizzaro Reaction. 

believed to proceed in the following steps : 

^ (0 R*pid, reversible addition of OH" 

HCHO. 

(ii) Transfer of hydride ion from the product obtained in ft) to 
second molecule of HCHO (rate determining step). 

(m) Formic acid and methoxide ion so obtained undergo a 
proton exchange to give a more stable pair GH a OH and HCOO*. 

(*>H oh Os 

H-f-H H-c4TV H-H ■ m0 "' 0e > 

cA CA ' ™" 5F£S 


Formaldehyde 
(first molecule) 

on 

i 

U-C + ti¬ 


ll 

Formaldehyde 
(second molecule ) 


(slow) 


Formic 

acid 


o 

C—H 

i 

I 

hi 

Methoxide 

ion 


PPOTON 

EXCHANGE 


o 

H— A + 

II 

O 

Formate 

ion 


OH 

I 

H—C—H 

I 

H 

Methyl 

alcohol 


«i>) Formaldehyde is very useful for methylating primary and 
secondary amines. For example, with ethylamine it gives ethvl. 
methylamine, 6 1 

C.H.NH, + 2HCHO—►C,H|NH.CH, 4 . HCOOH 

EthyUmine Formaldehyde Ethylmethylamice Formifacid 

(0 Polymerisation. When formaldehyde solution (formalin) is 
evaporated to dryness it polymerises to a white crystalline solid 

iwnw™ 4 W 9 n K ' K lhC P ° ymcr u 1S known as Paraformaldehyde 
(HCHO) „H 2 0—nhaving values between 6 and 50. Paraformalde- 
hyde forms formaldehyde again on heating. 

On allowing formaldehyde gas to stand at room temperature 

/unurfr P olymc . r ! acs to , metaformaldehyde' 
(HCHO), a white solid (m.p. 334-335K) 

11 does not show any reducing properties’ 
and is believed to have a cyclic structure as 
given in the margin. 

(«) Reaction with Methanol . With 

methanol in presence of a dehydrating 


CH 


/ 


O—CH, 


Nr 


’Nq_ ch,/ 

~Mcia formaldehyde 
(A trimer) 


agent like dry hydrogen chloride gem or fused calcium chlorideit 
yields methylaJ. 
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rnaoca. 

£|*" hIOGHi 


Methanol 
(Two molecules) 


hch/®®*+ h.0 
Nxh, 

Methyl*! 


(vi) Aldot condensation. Formaldehyde in the presence of a 
weak base undergoes repeated aldol condensations with elimination 
of water to give glucose. 


<=. hXXXJJLl 


H-^-O+H-A-O - 
Formaldehyde (2 mob.) 


HCHO mob.) 


Ah Ah ' 


OH 
Glucose 


d>H Ah 


(on) Condensation with Phenol. Formaldehyde condenses with 
phenol, a hydroxy derivative of benzene, in the presence of a cata¬ 
lyst to yield bakelite [a resin). 


Uaea. Chief uses of formaldehyde which is available at 
formalin (40% solution) are : 

(t) As antiseptic and germicide. 

(ftft) For preservation of biological and anatomical specimens. 

(in) In leather industry as a substitute for tanning as it can 
harden glue or gelatine and thus renders them insoluble in water. 


(fa) For the manufacture of formaldehyde resins—bakelite and 
galalith by catalytic condensation with phenol or casein (milk 
protein). The resin can be moulded while hot into different patterns 
under pressure. 

(*) In the manufacture of synthetic dyestuffs. 

S truct—c of Formaldehyde 


(0 Molecular formula of formaldehyde as determined from its analytical 
data and molecular weight determination is CH,0. 


(t0 Assuming tetravalency of carbon, bivalency of oxygen and univalency 
of hydrogen, the only possible structural formula of formaldehyde is : 


H 

H—A-O 
Structural formula 


H 

xa 


H J C 5 : O : 
Electronic formula 
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(MThs (tio single C—H bonds am « brads while the C-0 brad 1st 
coattasttor at am & oad ofeo « bond* Carbon atom is in. a stato at so* 
hy bri di s at ion. Tbs three tp* hybrid orbitals »re 120° apart and give due# a 
foods by overlap with s orbitals of two hydrogen atoms and p orbitals of 
u * bond results from tideway overlap of p orbital of carbon witb p 
I of oxygen. 



IT- BOND 


Fig. 22'1—Orbital representation of formaldehyde molecule. 

7. Acetaldehyde, Ethanal, GH a CHO. 

Preparation. Acetaldehyde maybe obtained by any of the 
general methods discussed already but it is usually prepared in the 

Laboratory by the oxidation of ethanol with potassium dichro- 
mate and dilute sulphuric acid. 

K.Cr.0, +4H,S0 4 ■> lCgS04-j-Crg(S04) i -|-4HgO-t*30 
CH.CH.OH + O -► CHgCH-O + H.O 
Ethanol Acetaldehyde 

Expt. A mixture of powdered potassium dichromate (50 g) and water 
(200 ml) is placed in a round-bottom flask fitted with a dropping funnel and 
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Witer condenser (Fig. 22*2). A mixture of alcohol (60ml) aod oooo taMmrio 
add (40 ml) are placed in the dropping funnel and water at 3O34Q0C it emula¬ 
ted through the water condenser. Flash is heated gently and the mixture m 
the dtappiiig ftinnel is dropped slowly. Acetaldehyde vapours produced paas 
over and are bubbled through ether bottles dipped in freezing mixture. Any 
alcohol vapours accompanying acetaldehyde condense in water condenser and 
flow back. The solution of acetaldehyde in ether is saturated with ammonia 
when aldehyde ammonia crystals separate. These are removed, dried, decom¬ 
posed with dilute sulphuric acid and distilled when acetaldehyde passes over 
at 294K. 

.OH 

CH.CH-O + HNH, CH,CH( 


2CH,CH< +H 1 SO l ~► 2CH.CHO + (NH*) a SO a 

^NH a Acetaldehyde 

Aldehyde ammonia 


Manufacture of Acetaldehyde. Acetaldehyde is prepared 
industrially 

(i) From Acetylene. 42 per cent sulphuric acid, containing 
mercuric sulphate, is saturated at 330K with acetylene gas. On 
heating the mixture to 330-3 70K, acetaldehyde passes over and can 
be collected. 

CH=CH+H a O —► CH a .CH-0 

(it) By Catalytic Oxidation of Alcohol. Alcohol vapours 
are mixed with air and passed over a silver catalyst at 523K when 
it is oxidised to acetaldehyde. 

iC.HaOH+O,-► 2CH a CHO+2H a O 

(lit) By Dehydrogenation of alcohol. Alcohol vapours are 
passed over heated copper at 570K when these are dehydrogenated 
to acetaldehyde. 

Cu f 570K 

CH,CHiOH-► CHgCHO+H. 

Properties of Acetaldehyde : Physical. It is a colourless, 
volatile liquid (b.p. 294K) with a characteristic pungent smell. It is 
lighter than water and miscible with water, alcohol and ether. 


Chemical. Acetaldehyde is a typical member of the aldehyde 
series and gives all the general reactions of aldehydes given earlier. 

Polymers of Acetaldehyde. Acetaldehyde has a great ten¬ 
dency to polymerise. 

(0 When treated with few drops of concentrated sulphuric 
acid, a vigorous reaction takes place and acctaldrhyde polymerises 
to give the trimer paraldehyde (GH 3 CHO) 3 . It is a pleasant smell¬ 
ing liquid (b.p. 400K) used in medicine as hypnotic. 

Acetaldehyde is regenerated when paraldehyde is distilled with 
dilute * dphuTic acid. Paraldehyde has no reducing properties and 
is belie ed to have a ring structure as given below : 

CH. CH CH 5 CHO’CH.CH, 

/x i 1 ; 

00 00 

ch^h cIh.ch. ch,c!h.o cIjh.ch. 

Metal dehyde 

Paraldehyde 
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(w) On treating acrt aldehyde with a few drops of concentrat¬ 
ed sulphuiic acid at 273K, Mvtald*,kydt (CH a CHO\—tctramer is 
obtained. It is a while solid (m.p, 5L9K) used as solid fuel inspirit 
lamps. It regenerates acetaldehyde on distillation with dilute sul¬ 
phuric acid. This is also believed to have a cyclic structure. 

Uses of Acetaldehyde. It is used in the preparation of ace* 
tic acid, ethanol, butanol (a commercial solvent), paraldehyde, 
mctaldehyde phenolic resins aad synthetic drugs. Aldehyde am¬ 
monia is rubber acce'erator. Acetaldehyde is also used in dye manu¬ 
facture. 

Tests. In addition to the test for aldehydes given before, 
acetaldehyde gives 

(i) A blue colour when ticatod with sodium nitioprusside solu¬ 
tion and pipcriJcne. 

(u) A cherry-icd colour when treated with freshly prepared 
sodium nitroprusside solution and excess of dilute caustic aoda 
solution. 

(ill) Iodofoim reaction, as gi\en by ethanol. 

Structure of Acetaldehyde. (0 Molecular formula of acctaldehvdc aa 
deduced from ns analytical data and molecular weight determination is C a H<0. 

(i7) Acetaldehyde is obtained by oxidation of ethanol, and gives acetic 
acid on oxidation. Both eihanol ami acetic acid toma.n a melhvl group. We 
nay reasonably assume that this methyl gioup remains intact during oxidation, 
ind is, therefore, present in acetaldehyde also 
O O 

CH*—CH a OH-► C # H t O ► CH,—COOH 

Ethanol Auetaldchvde Aceuc acid 

(tfi) When treated uiih phosphorus pentachlonde, acetaldehyde gives 
ethylidene chloride, C,H 4 CI* and no hydrogen chloride is evolved in the reaction 
This implies the absence of a hydroxyl group and the presence uf a divalent 
oxygen atom which us replaced by two monovalent chlorine atoms. 

(fv) This gives the '-triciurdl formula at aceialdchvde as : 

H 

cii.—cv-o 

8. Chloral, Trichloroacetaldehyde, CCI 3 .CHO.— 
Preparation. Chloral in pr pand industrially hy f h' chlorina¬ 
tion of tthanol. Clihmnr h bubbled Inst into cooled rtli.mo! and 
then at 333K till it »s saturated. Ghlnial alrnholatr Is formed and 
separates as a cixstiillisu* solid. Tills is distilled with c oi-lti totted 
sulphuiic acid to ip't dilm.il. 

Cl, 30, 

CH.CH.OH-► OT.CHO-► m 4 CHU 

Ethanol —Zlitl Acetaldehyde —3HC1 Chloral 

CCU.CHO - C a H b OH —► CC'b.CHCOHi.OC.Hi 

.Chloral alcoholatc 

CCU.CH(OH).OC 2 H 6 +H,SOi —► CCb.CHO H-C,H i .HSn l ^H 1 0 
Chloral alcoholate Chloral 

{Crystalline solid) {Oily liquid) 

. Thi~ distillate is nrutralisrd with c.tlrium c.n 1 .unatc and 
redistilled. 

Properties : Physical. Chloral is a Oiiuiilcs^, heavy, njly 
liquid (b.p. 371K) with a pungent odour. It is soluble in water, 
ethanol and ether. 

TOC-IMOJ-U 
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ck»wi^i. Chloral undergoes the usual reactions of an 
aldehyde, «.g., it gives addition products with ammonia, hydrogen 
cyanide and sodium bisulphite. 


CCUCH 


/OH 


\ 


NH, 


CCljCH; 


/ 


OH /OH 

CC1.CHC 

x OSO,Na 
Bisulphite compound 


^CN 

Chloral ammonia Chloral cyanohydrin 

With cone nitric arid it is oxidised to trichloroacetic acid. 
HNO, 

OCU.CHO+O-► CCI, COOH 

Some other reactions ot chloial are : 


(0 Hydrolysis. On heating with concentrated caustic potash* 
diloral gives pure chloroform. 

Cri 3 |CH07Kl) II —* CHC1, + HCOOK 
Chloral Chloroform 

(n) With Walir. Its behaviour towards water is unusual 
When treated with water chloral reacts with the evolution of heat 
and yields chloral hvdrate, C"Cl tl .GH(OH) 2 —a stable crystalline 
compound (m.p. 33UK). 

.OH 

CCU.CH-o+h 3 o—►CC1 3 CH< 

Chloral x OH 

Chloral hydrate 

Chloral hydrate is one of those unusual and rare compounds 
which are stable in spite of the fact that there are two hydroxy! 
groups attached to the same carbon atom. 

Ilie mechanism of the elimination of water from the >C(OH), group 
is possibly as follows : 

ni j rv 

/OH —► >C—O—H OH —» >C=0 4- H t O 

>C \q-h 

One of the two OH groups is released as the hydroxide ion, OH". Tlui 
leaves the carbon atom positively charged and it attracts the electron pair of 
the C—O bond. This causes the oxygen atom to attract the electron pair oi 
O—H bond and thereby facilitating the release of a proton which combines with 
OH“ to give a molecule of water. Thus a diol loses a molecule of water readily. 

In chloral and other compounds of the formula R.CX..CHO, the carbon 
atom of the aldehyde grouo acquires small positive charge due to inductile 
effect of the halogen atoms. The positive charge on the carbon atom prevents 
the release of OH" ion and no water is, therefore, eliminated. 


Another cause of stability of chloral hydrate molecule is the 
formation of intramolecular hydrogen bonds as shown in formul:» 
I below : 


Cl H 

+ + 

+ + 

Cl OH 
Chloral hydrate 
(Does not lose a 
molecule of H t O) 


CH 3 ->-CH-^OH 

+ 

OH 
A diol 

(Loses a molecule 
of H t O) 


. H \ 

CI o 

\ y 

Cl—C-OH 
/ \ 
Cl O 

W 

I 
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tfif) With alcohol. With alcohol combination takes place with 
the evolution of heat to give chloral alcoholate (m.p.320K). 

.OH 

CChCHO + C s H s OH —► CCl g -CH< 

NjCsHg 

Chloral hydrate or chloral alcoholate are both stable com¬ 
pounds. Water or alcohol in them can, however, be removed by 
treatment with concentrated sulphuric acid. 

(iv) Polymerisation. In the presence of acids, it polymerises 
to give metachloral, a white amorphous solid. 

Uses. Chloral hydrate is used as a hypnotic {sleep producing 
drug ) and as a powerful stimulant- 

9. Acrolein, Acraldehyde, Prop-2 en-l-al, CH a =CA.CHO- 
Preparation. Acrolein is the simplest unsaturated aldehyde. 
It is conveniently prepared by the dehydration of glycerol with potas¬ 
sium hydrogen sulphate. 

H 


I _ —2H.O 

H-C OH-* 

HO—C 1 H ; 

!,l 

I h!—c-oh 


CH : lsomeriscs 

II -- 

C 


CHOH 

(. Hypothetical) 


ch 2 

II 

CH 

I 

CHO 

Acrolein 
or Propanal 


H 

GJycerol 


CommcrcialJy, acrolein is prepared as follows : 

( i ) By passing a mixture of ethanal and methanal vapours over 
.sodium silicate ( catalvst ). 

—H a O 

CH.CH + HCHO *>CH a .CH—CHO-► CH^CH.CHO 

| fl | {_ | Acrolein 

H CM—' |H J0H| 

(i«) By direct oxidation of propylene over copper oxide. 
CHg-CH.CHg+O.-►CH,«CH.CHO+H*0 


Properties. It is a colourless, pungent-smelling liquid (b.p. 
325K). Its irritating smell causes watering of eyes and nose. 

Chemically, it behaves like an olefin as well as an aldehyde as 
shown by its following reactions : 

(a) Reactions of the Double bond (olefinic linkage ). Acrolein 


cives addition products with halogens and halogen acids. 

CHg-CH.CKO v Br,-► CH.Br.CHBr CHO 

CH.-CH.CHO + HC1 - ¥ CH.GI.GH..CHO 

Addition of halogen acids occurs contrary to Markownikoff’s 
rule (cf allyl alcohol). Addition of HBr is unaffected by the presence 


of peroxides. 

(p) Relations of the Aldchydic group. Acrolein gives the usual 
reactions of aldehydes, e.g. % 

(/) Oxidation . Ammoniacal silver nitrate oxidises acrolein to 

acrylic acid, A ^ 

Am. AsNOu 


CH,-CH.CHO -H LOl — 


CH a «CH COOH 
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(»») Reduction. On reduction arrolein e;iv<s a mixture or ally! 
alcohol, propanal and propanol. 

CH, CH, ,* 

INI L, i H 

CH —► CH + CH, CH. 

c!ho ^H,OH u CH.OH 

Acrolein Ally! alcohol Propanal Propanol 

(u») Polymerisation. Acrolein polymerises to give Dioacryl—* 
white tolid. 

(to) Tiathenko reaction (me page 2’202). 

(C.H.oyu 

2CH,—CH.CHO-►CH 1 -»CH.COOCH 1 .CH-CH i 

Aliyl acrylate 

(c) With Alkalis, Acrolein does not undergo aJdol condensa¬ 
tion with alkalis. The chain breaks at the double bond and we get 
a mixture of methanal and ethanal. 


NaOH 

CH t -CH.CHO+H a O - *HCHO + Cl f ,CHO 

Uses* Acrolein finds use as tear gas and as a warning agent 
to find out leakage, if any, of methyl chloride used as a refrigerant. 

10. Crotmldehyde (2-Bntoo-l-al). CH,CH~-CH CHO — It is prepared 
by heating aldol alone or with anhydrous 7inc chloride or better still with acetic 
add as catalyst. 

—H a O 

CH.CHOH.CHg.CHO- +CH, CM-CH CHO 

It is a colourless liquid (b.p. 373K) and closely resembles acrolein in 
chemical properties. It exhibits geometrical isomerism and exisis m cir and 
trons isomenc forms. 

H—C—CH, H— C —CH* 

M >1 

H—C-—CHO OHC— C —H 

cis tran r 

Crotonaldchyde finds use as solvent, and as an insecticide. 

11. Acetone, Dimethyl ketone or Propan-2-one, GH 3 .GO.GH 9 
Laboratory Preparation. Acetone is pmpaird m the Labora¬ 
tory by dry distdlation of fused calcium acetate. 


CH»CO|tk I Dry distil CH,. 

_* /Ca * yC 

CH,|CO<K_ CH a / 

Calcium acetate Acetone 


CO f CaCO B 


£xpt. About 30-40 grams or fused calcium accidie is powdered and 
taken in a retort fitted with Liebig’s condenser and a receiver as shown (Fi* 
22‘3). The retort is heated over a wire gauze whvn acetone distils over. 
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This distillate is shaken with a saturated solution of sodium bisulphite 
when crystals of the bisulphite compound of acetoae are obtained These are 
filtered off and decomposed by distillation with a saturated solution of sodium 
bicarbonate. The aqueous solution of acetone obtained is dried over fused 
calcium chloride and redistilled. 


670K. 


Acetone is prepared industrially : 
pasting isopropyl Afro M vapours over heated copper* 


Nchoh 

CH/ 

Isopropyl alcohol 


Cu, 57 OK CH, 


\CO 
CH/ 
Acetone 


+ Hi 


(*) By passing acetic acid vapour over a catalyst (calcium amide or 
manganous amide) at 570 67OK. 


CM f CO|SffTW |W| CH,—*€H,.CO.CHt+CO, + H«0 if) 

Acetic arid {Two molecules) Acetone 


(tit) By passing a mixture of ethyl alcohol vapour and steam 
over a catalyst , zinc chromite at 770K . The yield is about 80 per cent. 

Zn(CrO a )t 

2C,K,OH + H,0 -► CH.CO.CH, + CO, + 4H, 

Ethanol Steam 770K Acetone 


[iv) By fcrrnf ntdliun of molasses or cooked com starch (Weizmann 
process, 1911). Starch or molasses is fermented with the micro* 
organism, dostridiurn acetobutylicum. Carbon dioxide and hydrogen 
are evolved during the reaction. The products of reaction are buta¬ 
nol, acetone and ethanol approximately in the ratio 6:3:1. These 
are separated and purified by distillation. This method is, however, 
being replaced by the synthetic method given above. 

Some newer processes for the manufacture of acetone are : 

(») By passing a mixture of acetylene and steam over heated pure 
tine oxide (catalyst). 

(ii) By Heating under pressure a mixture of propylene and dam 
in the presence of a suitable catalyst. 



(Hi) By oxidation of natural gas under carefully controlled con¬ 
ditions when a complex mixture of compounds, e.g., HCHO, 
CH a CHO, (CH 3 ) 2 C O, CH a COOH and alcohols is obtained. 

Pr op erti es of Acetone : Physical. Acetone is a colourless, 
pleasant-smelling liquid (b.p. 328K). It is miscible with water, 
ethanol and ether in all proportions. 

Chemical. Acetone is a typical member of ketone ihmily. Its 
reactions arc given under general reactions of ketones. 

(Jam of Acetone, (i) As a solvent for cellulose acetate and 
nitrate, celluloid, lacquers, etc, 

(ii) For storing acetylene. 
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(/h) In the manufacture of sulphonal-a soporific and ionone - 
an artificial scent 

(/») In the manufacture of cordite- a smokeless powder. 

Tests for Acetone. In addition to the tests already given for 
ketones in general, a few particular tests for acetone are: 

(it Iodoform Test. Ammonia is added to iodine solution until sligluiv 
hrovin This is warmed with acetone when iodoform is formed and crystallizes 
oncooimg. Ethanol gives iodoform with caustic soda, not ammonia. 

( legal’s Test Frcshh prepared solution of sodium nitroprussidc is 
added to a dilute solution of ^etouc. Caustic soda solution is then added 
drop by drop when an orange colour is ubuined and changes lo yellow on 
standing. 

These tests are, however , given by aft} ketone with CH % CO—group. 

Structure of Acetone. (>) Molecular formula of acetone as determined 
from its analytical data and molecular weight determination is C*HfO. 

(0) With phosphorus ren la chloride acetone gives isopropylidcoc chloride, 
C.H.C1. and nc hydrogen chloride. This shows the absence of a hydroxyl grour 
and implies the presence of a carbonyl group whose bivalent oxygen Is replaced 
by two univalent chlorine f toms. 

(HI) Assuming quiJri valency of carbon, bivalency of oxygen and uni va¬ 
lency of hydregen, the two possible structures of acetone are: 

CH,XTI,.CHO CH 3 .CO.CH* 

1 II 

(r>) Formula 1 contains the aldehvdic group, and acetone docs not 
behave like an aldi.iyde. II must, therefore, be the structural formula of 
acetone. 

(v) This is further confirmed by all the known reactions of acetone. 

12. Ethyl met iyl ketone, 3-BotaiKMie, CH S .COX 2 H t .—It can be prepared 
by any of the general methods but can be manufactured : 

(0 Bypassing butanol-2 vopour over copper at 570 K. 

CH..CHOH CH 8 CH,-► CH a CO.CHXH,+H, 

00 By r .\.\,uon of 2-butanol with air using silver catalyst at 520K . 

2 CH,. CHOH.CH 3 . CH* + 0 2 -2CH 3 CO. CH.. CH A f 2H,0 

It is a pleasant-smelling liquid (b.p. 35^K). li i*» used as a solvent for 
vinyl resins, synthetic rubber, etc. 

13. Methyl Isopropyl ketone, 3-MeChylbiitan-2-one CH 3 CO.CHtCH.), 

Out of the several ways available for its preparation, the best one is b\ treating 
tert. amyl alcohol with bromine and hydrolysing the dihromo derivative where¬ 
upon it is formed as a result of a molecular rearrangement (see pinacone below; 

Br* 

tCH,; COll.CH. CH,-f(CH ) XBr.C HBrXH, 

h 2 o ~h 2 o 

- *> (CHj*C-CH.CH 3 -- (UIJ.CH.CO.CH* 

I ) reai ranges 
HO OH 

14. tert. Butyl methyl ketone, Plmicnlonc. Pinacone, CFXOXfCH.h - 
It may be prepared : ' * 11 

(0 By distilling pinucol or its hydrate with sulphuric acid . 

H* 

<CH„) g C-C(CH,) g ~ CH 3 -C— (65-72',,,, 

OH OH 6 

Pinacoi Pinacone 

(il) By passing pit wot disoslvcd in dioxan c\er heated catalyst (sflim gf 
are impregnated with /f ; PC> 4 ). The yield is about 94%, 
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This conversion of pinacol into pinacone is an example of I, 2-shift and is 

termed pinacol-pinacone rearrangement. 


Me 

I 

Me—C — CMe? 

I I 

OH OH 


^He-C-CMe^ 

I I® 

OH OH 


Me — C—CMez 
I ® 


OH OH OH 

H @ i 

He — C—CMe-±=z Me—C—CHe 3 

I! K 3 

O O-^H 


It is a colourless liquid (b.p. 39210 with a camphor-like odour. I' *s 
ojudiacd to irimeihylacetic acid with alkaline sodium hypobronrulr. 

BrJNaOH 

CH«.CO.C(CH a )»-► (CHi)jC.COOH (71-74JJ> 

15. Methyl vinyl ketone, 3-Boten-2-one, CH..CO.CH«CH i> —It may be 
prepared : 

(/) By aldol condensation hrween formaldehyde and aceroi e followed 
dehydration of the produc:. 

NaOH 

HCHO+CHtrCO.CH,-► CH t OH.CH«.CO.CH a 

—H a O 

-> CH,-CH.CO.CH a 

(li) By the action of acetic anhydride on ethylene in presence of ZnO, 
[catalyst). 

ZnCl| 

CHj-CH. + lCH.CO^O-* OI 2 - CH.CO.C)ij“fClI a COOH 

(I'l/j By the action of acetic anhydride on vinyl magnesium bromide in 
i^trahvdrofuran at 200-210K. 

2CH 1 -CH.MgBr-|-2(Od a C 0) a 0-*2CH,~CRCOCH a ^MgBr a 

4 (CH s COO)*Mg (GO-30%> 

It is manufactured by h\drahng \ imlaLetyiene in the presence of dilute 
sulphuric acid and mercuric sulphaie. 

CH t *=CH.C~CH 4- H,0-► CH a ~CH.CO.CH a 

It is a liquid fb.p. 352K) which polymerises on standing If is u<ed as 
starting naicnal in the manufacture of plastics. 

16. Mesityl oxide, 4-Meihyl-3-penlen-2-one, (CH^C-CH CO.CH, —It ta 
prepared : (i) By distilling diucetone alcohol wuli a trace of iodine. 

—H s 0 

(CH.I.QOHI.CHb.CO.CH, -> (C 1J 3 ).C»CH CO.LHj (WY.) 

00 From isobutylene. 

ZnCl, 

(t H 1 ) i C-CH I 4 -CH 1 COCl-► (C H a ) 1 Cn.CH B .CO.CH t 

—HCl 

-► iCH.W-l'H.CO.CH. 

It is liquid (b.p. 375K) having a peppermint smell and lind< use as » 

solvent for oil, gums, etc. 

17. Pborone, 2, 6-dime thy 1-2, 5-hcptfldien-4.Dne, (CH^.C-CM.CO.CIl - 
C(CH a ) a .—Ji may be prepared by the action of UCI on acetone (fee page 2 WS ' 

It is a yellow crystalline solid (m.p. 301, b.p. 47JK). 
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QUESTIONS 


Svity Type: 

1. Give the general methods for the preparation of aldehydes end 
ketones and describe the general properties of these two groups of compounds. 
In what ways is formaldehyde abnormal ? 

2. Compare and contrast the properties of acetaldehyde and acetone. 

Gm equations of the reactions. (Delhi BSc. 1972) 

3. What are the properties common to aldehydes and keiones ? What 

are their differences ? ( Delhi B.Sc. Hons. Sub. 1977) 

4. Give preparation, properties and uses of acetaldehyde. 

(Jammu B.Sc. 1975) 

5 Give at least four ge.ieral methods for preparation of ketones. In 
what rcspcLts do they differ from aldehydes 7 

{Delhi B.Sc. Hons. Sub. 1976 S”pp. ; Punjabi 1976) 

6. Explain any two methods for the manufacture of acetone. Whai 
happens when acetone is (a) reduced, [b) oxidised, (r) treated with PCI* 7 

(Delhi B.Sc. Hons Sub. J976 ; Madras B.Sc. 1976) 

7. How is formaline prepared ? Give Its properties and uses. 

(Jammu B.Sc . 1977) 

M. How is chloral prepared ? What are its properties and uses 7 

(Delhi B.Sc. 1976 Supp.) 

9. How will you proceed to get : 

(/> Acctaldoxime, (iV) Acetone hydrazonc 

(Hi) Benzaldehydc bisulphite, and 

(/V) Aldol from ihc corresponding aldehydes or keiones. Give the 
mechanism of the reactions vou choose. ( Guru Nanak Dev B.Sc. 1977) 

10. How is acrolein prepared 7 State its important properties and uses. 

11. (a) Suggest One method of synthesis of (/) di-isopropyl ether, (U) 
vinyl® ethyl ketone. 

(b) Give the steps in the conversion of 3-methyl-1-butene to isobutyr- 
ildehyde. 

(c) Give acceptable explanation for the observation that the carbonyl 
group in carboxylic acids does not react with pbenylhydrazine. 

(Delhi B.Sc. Hons. 1971) 

12. ( 0 ) Give the electronic mechanism of ihc following : 

(*) Addition OfHCN and NaHSO, to carbjnyl group. 

(«*) Aldol condensation. 

(£) Explain the following : 

<<) Acetone ic leas reactive than acetaldehyde. 

(ft) Uydrogan atom of the carboxyl group is more readily replaced 
than hydrogen atom of alcoholic group. 

(i«i) The carbonyl group in an acid is rather inert and does not show 
usual reaction of carbonyl group In aldehydes and ketones. 

(Guru Nanak Dev B.Sc. 1971) 

13 Write nanes of ihr following : 

(*) fCH,) l CH.CHO (ii) CH,.CH t ,COCH t .CHi. 

(m) CH».CH a .CH 1 .CH 9 .CO.CH*. (iVj CH^CHaCO.CH i .CH t CI 
00 CH,.CH.CO.CH.CH f .CH,. (W) CH,.CH B .CH-CH.CH..GH. 

ch, d'H, duo i;H. 

14. Acetaldehyde form* cyanohydrin fastrr than acetone. Give reasons. 

(Madurai B.Sc . 1976 ) 

15. Starting from acetore how wilt you obtain : 

(a) 1 -butyl alcohol, (b) Isopropyl bromide, 

(c) tctramethylene glycol, (d) chloroform, and 

» Mesitylene 7 (Madurai B.Sc . 1976 ) 
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H* Discuti thrfe structure of carton?! groltp 4 

17. Duems any three nucleophilic addition reactions of aldehydes and 
ketones 

Short Answer Type : 

1. How do you account Tor high dipole moment of aldehyde and ketones t 

2. Write IUPAC names of the compounds whose formulae ate riven 

below : 

d) CjH^CKO (tO CHiCH*COCH t Cll t 

(M) CH,.C # H 4 .CHO (tv) CH|COCH«CH s 

3* Write the formulae of various carbonyl compounds having the mole¬ 
cular farvnula C t H*0 and give their trivial as wdl as IUPAC names. 

4* How is an alc!jh)de obtained from an acid chloride f 

5. How is ketone obtained from an acid chloride T 

6. In v\hat respect is dialkylcadmium superior to Grignard reagent for 
the preparation o! a ketoi.c fioni an acid chloride ? 

7. Solubility of carbonyl compounds decreases with the increase in their 
molecular masses, CxpJ :i;i why 7 

8. Boiimg points nf aldehydes lie between parent alkanes and corres¬ 
ponding alcohols. How do you account for it ! 

9. Wha: do yr»u understand by nucleophilic addition to the carbonyl 
group T W rite mechanism. 

10. Ho 4 do you lepresent and account for aeid-catalyscd nucleophilic 
addition to ;hr carbon) 1 croup 1 

11. Write median Km lor the nucleophilic addition of HCN and NaMSO, 
to >C*>0 group. 

12. What is aid'd condensation ? 

13. Wha* is Tollcn's reagent ? How does it react with acetaldehyde T 

14. Write a short note on : 

(K Clcmmcnsen reduction. (n) Wolff-Kishncr reduction. 

'. m) Mccivvcin-Ponndorfreduction. 

15. How do you account for the following : 

(a) In the laboratory preparation of acetaldehyde by oxidation of ethanoi, 
acetaldehyde is distilled out continuously. 

(b) Diulk>Iradmium is considered superior to Grignard reagent Tor the 
preparation of a ketone from an acid chloride. 

(e) NaHSOj if used for the purification nf aldehydes and ketones. 

16 Write two reactions showing difference between HCHO and CH s CHO. 
17. G in r two chemical properties in which CH»CHO and CH,COCH, 

differ. 

18 Give chemical tests to distinguish between acetaldehyde and acetone. 

{Delhi BSc. 1976) 

19. Whul happens when acetaldehyde is treated with dilute sodium 

hydroxide solution ? [Delhi BSc. 1976) 

20. Write u »hnri note on aldol condensation. 

(Delhi B Sc. 1973 , 77 ; B Sc. Hons . Sttb. 1976 ; Kerala 1976) 

21. Explain huefly why chloral forms stable hydrate. 

(Delhi B Sc . Hons. 1976) 

22. W rite equation to show Cannizzaro's reaction* (Delhi B Sc. 1976) 

23. Explain in ter molecular hydride transfer in Cannizzaro reaction. 

(Delhi BSc * Hons. 1976) 

24* Write a note cn addition reactions of carbonyl group. 

(Delhi B 5c. Hens. Sub. 1977) 
25. CHiCOCHs reacts with phcnylhydrazine but CH|CONH a does not, 
though both have the carbonyl group. Explain why ? (Kerala BSc . 1973 1 
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26. Discuss the mechanism of pinacol-pinacolonc rearrangement. 

(Delhi B.Sc. Hons . 1976 ; Nagpur B.Sc. 1974 Supp.) 

27. Whv docs awetaldchvde not undergo Cannizzaro rcartion ? 

(Delhi B.Sc. Hons . 1977 ) 

28. Why do ahkhydes and ketones have high dipole moments? 

(Gum Nanak Dev B.Sc. 1977 ) 

29. Write a 5 hort note on Rosenmurul's reaction. (Madras B.Sc. 1976) 

30. How may acetone be obtained from acetic acid ? (Madras B.Sc. 1978) 

31. How does 

(i) hydroxylamine react with acetaldehyde ? 

(ti) formaldehyde react with ammonia T (Madras B.Sc. 1976) 

32. What is aldul condensation 7 ( Madras B.Sc . 1978) 

33. Induate the method of converting acetone into 

(0 chloroform, (i*) me^itylene, 

(if i) isopropyl acohol, (iV) «-hvdroxV‘isobutyric acid. 

(Madras B.Sc. 1978) 

34. How may acetaldehyde be converted into lactic acid 7 

(Madras B.Sc . 19/8) 

35. Give the structural formulae of the following compounds and des¬ 
cribe the type of hybridisation oT the carbon in them. 

(i) actone, (ii) acel aldehyde. (in) 2-pentanone. (Osmania B.Sc. 1979) 

36 Cyclohexanone and cvclohcxanol are both liquids insoluble in water 
and with similar boiling points. How can you remove traces of cyclohexanone 
present in cyclohexane I ? 

Hints : Dissolve in ether and shake with NaHSO, (aqueous solution) 
Bisulphite adduct of cyclohexanone dissolves in aqueous layer. Separate ether 
layer, dry and distil off ether. 

37. How can you convert 4 pentenal (i) to pcntanal and (ii) to 
4-pcnten-l-ol ? 

Hints '. (0 Use H^Ptj catalytic hydrogenation of C-Cbond is faster 

than C*0 bond. 

(ii) Use NaBH 4 in water which reduces C=0 bond but does not reduce 
C*»C bond. 


38. How are the following pinacols prepared ? 


(0 


CH, 

> 

ch/ I 


OH 


„ C / CH » 

I X CH, 
OH 


m 


p h 

>c- 

ch/ I 


OH 


.CH, 

c < 

I X H 

OH 


What happen* when the pinacol (//) is heated wuh atid ? Give the 
mechanism of the reaction. ((Delhi B.Sc. Hon\. 1981) 

39 Justify the statement that the Cannizzaro reaction involves an inier- 
molccular shift of hydrogen as hydride ion. Give a suitable example, 

(Delhi B.Sc, Ho',*. 198J) 


Problems : 


1. An organic compound A with molecular formula CjH c O is no! readilv 
oxidised. It gives on reduction C 3 H s O (B) which reacts with Hfii to give a 
bromide C. Grignard reagent obtained from C reacts with A to give C,H l4 5 (D) 
Identify the compounds from A to D. 

2. An organic compound A with molecular formula C a H b O is oxidised 
by Fehling’s solution and gives silver mirror with Tollcti's reagent. A give* on 
reduction C a H i O (B). With hydrobromic acid followed by hejting with mag¬ 
nesium B gives C which reacts wiih ethylene oxide to give C t H lt O (D), On 
oxidation D gives QHjpO, (b). Identify the compounds A to E. 

3. An organic compound A on analysis was found to contain : C=16’271%. 
H*»0‘677%. and Cl-72 203%. 

(a) It reduced Fehling’s solution and on oxidation gave a monocarboxy lie 
acid B having C«14‘679%, H*0-6J2% and 0*65*137%. 
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(6) On distillation with sodalimc, B save a sweet smelling liquid C con¬ 
taining 89*12% chlorine and which can also he obtained by heating A with alkali. 

(c) A can also be obtained by action of Cl, on ethyl alcohol. Assign 
structure to, A* B, C and explain the reactions. 

4. An organic compound A containing 40% carbon, 6*6% h>drogen and 
vapour density 13 restores (the colour of SchifT's reagent. On treatment with 
caustic potash it gave an alcohol B that could be obtained on reduction of A. 
What was the compound A 7 Explain the reactions. 

5. A compound X contains C-6977%, H-1163%. Its V.D. is 43. 
Among the'products of oxidation, the two monobasic acids M and N can be 
recognized. M had the empirical formula CsH.O,. Its ethyl ester has vapour 
density of 51. N has the simplest formula 01,0. Its ethyl ester has vapour 
dedsily of 44. Prom these data, deduce the possible structures for X. 

6. An organic compound contains C~69'77% and H—1163%. Its vapour 
densitv is found to be 43. It gave a crystalline derivative with sodium bisul¬ 
phite, but did not reduce Fehling's solution. On oxidation it gave a mixture of 
acetic acid and propionic acid. Deuuce its possible structures. 

7. 0'15B8 g of anorganic substance gave 0*3615 g of CO, and 0 1479 g 
ofH.O. Its V.D. was 29. The compound reduces Fehling’s solution and on 
oxidation gave an acid, the silver salt of which contained 95*6% Ag. Give the 
name and structural formula of the compound. 

I Two isomeric neutral substances A and B contained 62 01 % carbon 
and *0 35% H. Their vapour density is 2 *. On mild oxidation A gives rise to 
monobasic acid C containing 48 64% carbon and 1*11% H. The equivalent 
weight of C is 74. On similar treatment B remains unaffected but it readily 
reacts with iodine and sodium hydroxide producing iodoforui. What are the 
structural formulae of A and B ? 

9. O'29 g of an organic compound containing carbon, hydrogen and 
oxygen yield 0 66 g of carbon dioxide and0*27 g of water. The vapour density 
of the compound was 29. What substances correspond to their data and how 
would >ou distinguish between them ? Suggest one method for synthesising each. 

ANSWERS 

1. A is CH a .CO-CH H (Acetone) ; B is (CH a ) a .CHOH ( Isopropyl alcohol) ; 

C is fCtft) t .CHBr (Isopropyl bromide ). 

CH a . .OH 

Oil (2 3-Dime thyl-2- butanol) 

Clir X CH(CH a ), 

2. A is CH a CH a CH0 ( Propionaldehyde ) 

3 is CH|.CH a CH t 0H ( n-Propyl alcohol ) 

C is CH a .CH,.CH a .MgBr (n-Propylmagnesi:u.i bromide) 

D is CH 3 CH,.CH l CH e CH a OH (l-Pentanol) 


Eis CH.CH.CH,.CH,.COOH (Pentanoic acid) 

3. A it CCl a .CHO ; B is CCI,. COOH ; C is CHCl a 
( Chloral ) (Trichloroacetic acid) (Chloroform . 

4 A is HCH — O ( Formaldehyde ) 

5. The possible isomers are : _ 

o o o 

II [1 XH a .1 

CH a .C-CH l .CH,.CH i ; CH,-C-CH' ; CH..CH.C-CH.CH, 

Methyl n-propyl ketone N CH 3 Diethyl ketone 

(1) Methyl fjo-propyl ketone (III) 

(ID 


6. Mol. formula—C,H iq O 

Possible structures : CH a .CO.CH l .CH a .CH a 
Methyl /i-propyl ketone 


C.H.-CO.C.H. 
Diethyl ketone 


Methyl isonropyl ketone is ruled out since it does not yield acetic acid 
and propionic acid on oxidation. 


7. C.HgCHO (Propionatdehyde) 

8. AisC.H,CHO (Propionaldehyde) ; 

9. CjHsCHO : CHb'CO.CH* ; 

Propionaldehyde Acetone 


B is CH a .CO.CH 8 ( Acetone J 
and CH.-CHCH.OH 
(Allyl alcohol) 
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Monocarboxylic Acids 


1. Carboxylic Adds. —Oiganic compounds which contain 
one or more carboxyl groups, —COUH, have acidic properties and 
are called carboxylic acids. The word carboxyl is a contraction of 
the words carbonyl (C=*0) and hydroxyl (OH) as in the carboxyl 
group the C=0 and (OH) groups are combined as shown below * 

O COOH 

If I 

—C—OH or — COOH t CHg—COOH ; COOH 

Carboxyl group Acenc acid Oxalic acid 


The caiboxv lie acids may be considered as carboxyl deriva¬ 
tives of hydrocarbons in which one or more hydrogen atoms are 
replaced bs rarboxyl gioups, 

Replacement of one H 

CH 4 -» CH..COOH 

Methane by one COOH group Acetic acid 


Replacement cf two H x COOH 

CH 4 -CH t ( 

Methane by two COOH groups XTOOH 

Malonic acid 

We may also \icw at them as oxidation products of hydro- 
c-aibons in which one —CH 3 group is replaced by one —COOK 
irmup, e.g.. 


1-30 /OH 

CH|—CH 3 -► CH a —C'-OH 

Ethane \0H 

Oxidation product 
(unstable) 


—H t 0 /OH 

— " » CHj—-C^ 

^O 
Acetic acid 


Acids containing one COOH gioup arc termed mcmo-carboxylic 
^cids while cthcis containing two and three COOH groups are called 
tli- and tri* carboxylic acids respectively. 

2. Fatty Acids. —The monocarboxylic acids are called faUy 
acids. The name arose from the fact that some of the higher mem¬ 
bers, *<g., palmitic acid (C l$ H al COOH) and stearic acid 
(C 17 fb j5 COOH) were first obtained from fats. The general formula 
of the homologous series is CuH^^COOH or RCOOH whereas 
the functional group is the carboxyl group, —COOH. As only the 
hydrpgcu atom oi the carboxyl group is replaceable by a metal, the 
i&Xt) acids are all monobasic acidt, 

3. Nomenclature of Fatty Acids. —The fatty acids arc com- 
known by trivial names derived from the source of indivi* 

iual acids. For example* formic acid was so named because it was 

2‘220 
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first (Attained by distillation of ants (Latin : formica**ant). SimiUrlv, 
the name acetic acid is derived from the Latin word, oMf urn for 
vinegar, of which it is the chief constituent. Their HJPAC nansM 
are derived from the names of the corresponding alkanes by replacing 
the final c with oic and adding the word acid as shown below : 


Formula 

Common name 

IUPAC name 

HCOOH 

Formic 

acid 

Methanoic ac id 

CHgCOOH 

Acetic 

acid 

Ethanol add 

C,H,COOH 

Propionic add 

Propanoic acid 

C.HpCOOH 

Butync 

acid 

Binaroie acid 

C,H f COOH 

Valeric 

acid 

Pentanoic add 

CiHuCOOH 

Caproic 

acid 

Hexanoic acid 

C.H.gCOOH 

Heptoic 

acid 

Heotannic acid 

c m h„cooh 

Palmitic 

and 

P z.\ adecanoic acid 

CiiHmCOOH 

Stearic 

acid 

Heptadecenoic acid 

Sometimes acids 

are named 

as alkyl 

derivatives of acetic 


For example, 

CH.CH.CH.COOH (CH,),CH.COOH 

Flhylacctic acid Dimcthylaceuc add 

Complicated members are always named p according to the 
I UP AC system and the substituents are indicated by numners. 
Here the carboxyl group is always given number 1. For example. 

®CH 3 —*CH—*CH—’KJH,—H^OOH 

i i 

ch 3 c,h 4 

is 3-ethyl-4-methylpentanoic acid. 

Alternatively, the carboxyl group is regarded as a substituent 
and is denoted by adding the suffix carboxvlic acid to the alkane. 
For example, 

3 CH s .*CH. , CH 2 COOH 


CH a 

15 2-merhylpropane-l-carboxylic acid or 3-methylbutanoic acid. 

4. General Methods of Preparation of Fatty Adds.— 

(») By the oxidation of alcohols, aldehydes or kniows with dichro- 
mate solution . 

[O] fO] 

CHjCH.OH-► CH 3 CHO-► CHjCOOH [g.-vj.i 

Ethyl alcohol Acetaldehyde Acetic acid 

(Primary alcohol) 

Rv [O] Rv [O] 

>GHOH -► >G = 0-► RCOOH + R'COOH (gj 

R'^ Mixture of fatly acids 

(Secondary akohol ) Ketone 

In some cases an ester is obtained in place of the acid, l'irt 
of the alcohol is oxidised to the acid which forms an ester with the 
remaining alcohol. 

(•») By tite hydrolysis of cyanides with acid or alkali. This con 
stitutes a very good synthetic method as cyanides can be cai.(> 
obtained from alkyl halides. 
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H.O Z° H,0 /° 

RC=N-- R— C-C—NH,-> R-C- OH +NH a (g.-v.g) 

Cyanide Amide Acid 

(Intermediate product) 


(in) Higher fatty acids are commonly obtained by the hydrolysis 
of natural fats. For example, stearic acid is obtained from tristearin— 
a glyceride of stearic acid (see page 2 157). 


(r'O By the reaction between Crignardreagent and carbon dioxide 

e.g.. 


O 

/ ^CH a 

c-o-Mg^: 

Carbon 

dioxide Gngnord 
reagent 


O 

Z H 

CH.,—C—O 

Addition 


|0H H.O 

Mgl-*CH 3 --C—OH 

Acetic acid 


product 


+ Mg(OH)I 


Mechanism of the reaction involved is given below : 



0 

II 

r-c-om 9 


X R-C - OH 
+ Mg’+X~ 


Addition product 

(v) By the hydrolysis of trihalo gen derivatives in which the three 
halogen atoms are all attached to the same carbon atom . The method 
is, however, of little practical importance, since all trihalogen deri¬ 
vatives, excepting those of methane, are inaccessible. 


/ X KOH /—! H O 

R.C—X-► R.C-OH |-CC +H.0 

X X x OH OH 

Tnhalogen Tnhydnc alcohol Fatty acid 

demative (Un stabie) 

(w) By neat trig a dicarboxylie acid having two—COOH groups 
attached to the same carbon atom. A molecule of carbon dioxide is 
eliminated and a monocarboxylic acid is obtained. 


✓COOH 

CH,< 

x COOH 

Malonic acid 


Heat 

-> CH a COOH + CO a 

Acetic acid 


COOH Glycerol 

I -► HCOOH + C0 2 

COOH Heat Formic acid 

Oxalic arid 
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(m) By heating sodium alkoxide with carbon monoxide under 
pressure. Sodium salt of the fatty acid obtained may be hydrolysed 
wjth dilute mineral acid. 

HU 

RONa + CO-► RCOONa-►RCOOH 

Sod. alkoxide Sod. salt or acid Fatty acid 

(trtu) From Malonic or Acetoacetic ester . Many fatty acids are 
conveniently synthesised from malonic or acetoacetic ester. For 
example, 

OHiH OHIH Acid hydrolysis 

CH : ,CO!CHR. COIOC 2 H fl -► CH 3 COOH 

Altylacetoacetic ester Cone. KOH Acetic acid 

+ RCH a COOH + C z H fi OH 

Alkylaceiic acid Ethanol 

These methods will be discussed in detail later. 

^tx) A recent method for the preparation of higher fatty acids 
i s by the catalytic oxidation of long chain hydrocarbons. 

Manganese 

RCH 3 + 20 2 -► RCOOH -I- H 2 0 

Higher alkane from air stearate Higher fatty acid 

(x) Another recent method for the manufacture of fatty acids 
s by heating a mixture of an olefin, carbon monoxide and steam 
at 570-670K under pressure in the presence of phosphoric acid 
, catalyst). 

CH a =CH 2 +CO+H a O-► GH 3 CH a COOH 

5. General Properties of Fatty Acids.— 

(a) Physical, (t) The first three members are colourless, pun¬ 
gent-smelling, corrosive liquids. The acids from C 4 H„O g to C^HmOi 
are oily liquids smelling like goat’s butter and the higher ones are 
odourless solids. 

(it) The specific gravity declines gradually from 1'22 for formic 
acid to 0*345 for stearic acid. Only the first two members are 
heavier than water. 

(in) The first four members arc very soluble in water and the 
solubility decreases gradually with the rise of molecular weight (c/. 
alcohols). This solubiHty is due to the acvls being capable of forming 
kydntgen bonds with water. All fatty acids dissolve readily in alcohol 
or ether. 

(iv) The inciting points of the normal fatty acids show alter¬ 
nation effect. The melting point of an even acid is always higher 
rhan that of the two odd acids immediately below and above it. 

The boiling points, however, have a regular gradation. 

( v ) The lower members are far less volatile than is expected 
fiom their molecular weight. This is due to their being associated 
as a result uf hydrogen bonding. 

( vi) Their acidify decreases as the molecular weight increases ; 
the faint acidic character, however, persists among the higher homo- 
logues and they give salts and esters. 
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(ft) Qfcwlfil The molecule of a fatty acid (RCOOH) jb 
made up of (•) an alkyl group, R, and (i<) the carboxyl group 
(—COOH). The properties of fatty acids are. therefore, the pro¬ 
perties of these groups as given below : 

(1) THOSE OP THE ALKYL GROUP 

(i) Halogenation. Fatty acids may be readily haiogena^ed li¬ 
the e-position, t.e., the hydrogen attached to the carton adjacent to 
the carboxyl g*oup is readily displaced. The reaction is best carried 
out in diffused sunlight or in the presence of halogrn carrier (iodine, 
red phosphorus). 

P+Br, P-l Br, 

R.CHjCOOH-► R.CHBr.COOH-► R.CBi*COOH 

Similarly in acetic acid the three hydrogen atoms arc succ<- 
lively replaced by halogen atoms (cnlorine or hromin'O. 

CH 3 COOH + Gl g -► CHgCIGOOH J- HG1 

Monochioroace it acid 

GHgCICOOH 4- Cl* GHCIgGOOH - 4 - HC! 

Dichloroaoenc acid 

CKClgCOOH 4* Cl* -► GCUGOOH 4 HG1 

Trichloroacetic acid 

(it) Oxidation. When acids are treated with mild oxidising 
agents (e.y., hydrogen peroxide), the alkyl group js oxidised at thr 
^•position. Fo~ example, butyric acid gives P-hydioxybutyric aci^ 

[O] 

CHg.CHg.CHg.COOH-► CH..CHOH.CH..COOH 

Butyric acid p-hydroxybut>ni: acid 

(2) THOSE OP THE CARBOXYL GROUP 

(a) Doe to Replaceable Hydrogen Atom. Hie farry acids 
ionize in polar media to give hydrogen ions (Jf 1 ) responsible for 
their aridir nature. 

RCOOH ** RCOO- - H + 

CH 3 GOOH ** CH 3 COO - Fi¬ 
ts) With alkalis and carbonates, f'h ^c am acidic towa'-'i* 
litmus, neutralize alkalis forming salts and Jrcompoie carbonai^i 
and bicarbonatcs with effervescence when niton dioxide gas ir 
‘volved. 

RCOOH 4 NaOH -► RCOONa - H*0 

CH*COOH + NaOH CH a GOOX a - H,0 

2CH.COOH + Na s CO a — 2CHjCOONa - H04U), 

Sod. aceijtc 

(h) With metals. With strongly eject.. — njrt,,|.s M, 
■odium and zinc, the fatty acids give. salt, mih ihc Jibc/aiion 

hydrogen. 

2RCOOH + 7n -*• (RCOOj.Zn + H s 

2CH.COOH + ?Na 2CH a COONa t H. 

Sod. aceicte 
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(*) Thoao involving the Hydroxyl Groap 

(0 With ftlceholi. Fatty adds react with ale 'hnls in the prr- 
•ence of dehydrating agents like anhydrous zinc chloride or concen¬ 
trated sulphuric acid, to form eaters. (Esterification) 

CHgCO (OH + HOC,H # v* CHjCOOG.H, + HgO 

Acetic add Ethyl alcohol Ethyl acetate 

(£fler) 

{For m ec hani sm of Esterification of adds , see page 2'281.) 

(w) With Phosphorus kaHdes or Thionyl chloride. Phos- 

phorus trichloride, phosphorus pcntachloride and thionyl chlorido 
react with fatty adds to give add chloride t» 

9RCOOH + PCI, -» 3RCOC1 + H.PO. 

Add Add chloride 

CHgCOOH + PCI, -r CHXJOCl + POCl, + HCI 

Acetic Phosphorus Acetyl 

add pentachorlde chloride 

CgHfCOOH + SOCl B -o C.H.COCl + HQ + SO* 

Propionic Thionyl Propionyl 

acid chloride chloride 

(its) Dehydration. Acetic anhydride is obtained by passing- 
acetic acid vapours over a heated catalyst (NaNH.HPOg+BPOJ ah 
875-895K. 

—H.O 

2CH,COOH-► (CH,CO) fl O 

Anhydrides of higher adds may be prepared by heating with 
acetic anhydride. 

2RCOOH + (CH a CO) fl O *a (RCO).O + 2CH.COOH 

Acetic Add 

anhydride anhydride 

(c) Those involving Carboxyl Groap mm m whole 

(») Dry dietMaUon of the anhydrous alkali salts of bitty adds 
with soda-lime yields paraffins. 

R jCOONa T NaO |H -*■ RH -4- Na,CO, 

CH.ICOONa + NaO |H ■+ C3H, + Na^CO, 

Sod. acetate Methane 

The B n**»w<«n« of this decartMmylation ii uncertain but N to believed 
that ulu decompose by S,l reaction. 



R: +H+ -*■ R—H 


The desuboaylahoD of bee acid is represented as follows s 



H+R ! + CO, 
-o R—H -f CO, 


10C-1I-1-83-15 
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Decarboxylation is favoured by presence of an electron-withdrawing 

■roup. 

(is) Electrolysis of the concentrated aqueous solution of alkali 
salts of fatty acid gives paraffins ( Kolbe’s Reaction). For example 

At anode *. 2CHjCOO ► CH 3 .CHg-h 2 CO a ~j- 2 e” 

Ethane 

At cathode : 2 H g O + le -* 20H' + H, 

(iii) Strong heating of the ammonium salt of the fatty acids 
•results in the formation of acid amides by the elimination of water. 

RCOONH* - RCONH, + H.O 

Ammonium salt Acid amide 

CH 3 COONH 4 - CH 8 CONH a + H.O 

Ammonium acetate Acetamide 

(it?) Dehydration of ammonium salts with phosphorus pentoxhh 
results in the formation of a cyanide. 

p.o 1§ 

CH 3 COONH 4 -► CH 3 CmN + 2HjO 

Amm. acetate Methyl cyanide 

(p) Calcium salt of a fatty acid other than ioimic acid, when 
heated strongly, gives a kek»le. If, however, the calcium salt is heated 
with calcium formate, an aldehyde is obtained. 

CHjCO CX Cll 3 v 

- )Ca-► >C = 0 + CaGOj 

CH JCOCK CH/ 

Cal. acetaie Acetone 

CHjICOOv “ ' O OCH 

>Ca 4 Ca' -► 2CH 3 CHO+ 2GaGOj 

CH 3 COCK _N} OCH Acetaldehyde 

Cal. aceUie ‘' ni 

(vt) When silver salt of the fatty acid is heated with a halogen, 
it gives an alkyl halide. With an alkyl halide it gives an esle$. 

Heat 

RCOO Ag + X a -► R—-X+CO,+AgX 

Silver salt of Alkyl 

the fatty acid halide 

RCOO Ag + XR'-► RCOOR' + AgX 

Ester 

(pit) Reduction. All fatty acids arc very resistant to reduction 
but prolonged heating of the fatty acid under pressure with concen¬ 
trated hydriodic acid and small amount of red phosphorus results 
in its reduction to a paraffin. Reduction may also be effected by 
heating with hydiogen at high temperature and under pressure in the 
presence of a nickel catalyst. 

Ni 

RCOOH+3H*-► R.CH 3 4 2HjO 

Fatty acid Paraffin 

These can be easily reduced to corresponding alcohols with 
LiAlHj. Primary alcohols are also produced by hydrogenation in 
presence of ruthenium or copper-chromium oxide catalyst. 
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LiAIHft 

RCOOH-► RCH,OH 

(vut) Oxidation , All the fatty acids, except formic acid, ar* extre¬ 
mely resistant to oxidation. These are, however, oxidised to cat bun 
dioxide and water on prolonged heating with strong oxidising agents. 

Mild oxidising agents oxidise them to P-hydroxy acids (see page 
2*224). 

6. Detection of the Carboxyl Group. —The presence of a 
carboxyl group in an organic compound is confirmed by the following 
tests : 

(i) If the organic compound is soluble in water and is acidic 
towards litmus, treat it with sodium bicarbonate solution. Evolution 
of carbon dioxide with brisk effervescence shows the presence of a 
carboxyl group provided sulphur in absent as shown by elementary 
quantitative analysis. 

(ti) If the compound is insoluble in water but dissolves in 
sodium bicarbonate solution with the evolution of carbon dioxide, 
it is a carboxylic acid. 

Other acidic substances like sulphonic acid and phenol are absent because 
the elementary qualitative analysis has shown the absence of sulphur (implies 
absence of sulphonic acid) and the substance decomposes a bicarbonate solution 
(phenol does not react with it). 

7. Structure of Carboxylic Group, The carboxylic acid as well as the 
carboxylate ion arc considered to be resonance hybrids as shown below : 

(u) Carboxylic acid : 


/ 



◄-► 


to 

O—H 


R— 



(b) Carboxylate ton : 



// 

C/ EQUIVALENT TO 


\ a 


The negative charge ii evenly distributed over both oxygen atoms. This 
ia supported by the evidence of bon J lengths in carboxylic acid and carboxylate 
Ion. For example, in formic acid and formate ion. 



Formic acid Sod. formate 
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Carboxylic acid* are highly associated la the liquid stale but la the vip- 
our phase they tend to R m dimers. The taw molecules are linked through 
hydrogen bonding shown b. dotted hoes as given below : 



C-O group la an odd Is rather Inert. Due k> resonance oT add molecule, 
CvO trill have some single-bond character and C—OH bond wW have some 
donfalsrboud character. The length of C—O bond Is, therefore, greater than 
thnl of enure C—O bond. Similarly C—OH bond b shorter than pure C—OH 
bond. That is why the C—O group *n an add b nuhar inert. 


8. Acidity of (brbaBvUc Adda.—Strength of an add or 
ttt oddity if prop o r ti onal to the relative ease with which it loeee a 
proton leaving behind the anion. It is dete r m ined chiefly by Me 
Mbmw in liability b e tw e en the and and its onion. Both alcohol and 
nod release proton but the latter docs it much more readily. Let us 
t lor this Met. * 


Alcohol and the alkoxidc ion are each repr esen ted by a single 
Structure. The carboxylic acid and the carboxylate ion are each 
represented by two resonance structures and are, therefore, resonance 


ROH 

1 R 




\^H + + 


CerboayBc add Carboxylate ion 

Resonance hybrid or Resonance hybrid Of 

non-equivalent structures. equivalent structure*. 

Although both acid and carboxylate anion are stabilised by 
rrsomiw, stabilization is far greater for the anion than lor the add. 
This is due to two equivalent resonance structures contributing to the 
carboxylate anion. The acidity of a carboxylic add is thus due to 
the powerful resonance stabilization of its anion. Thit stabilisation - 
and mal ti n g oddity an possible only because of Me presence of carboxyl 
fffoupw 

Alkoxidc anion from alcohol does not show resonance and it 
aot stab il i zed This lack of st ab i lizati on is responsible for a very 
weak addity of alcohols. 


R—O—H 


Order of Add strengths: 


a R—6 + 4 

“hybrid"*" 


RCOOH > HOH > ROH > CHwsCH > NH, > RH 


Order of Basic strengths : 


RCOO <OH<RO<CHUSC< NH,<R~ 
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Effect of Substituents on Acidity. Any factor that stabilizes 
the anion more than it stabilizes the acid should increase the acidity 
and any factor that makes the anion less stable should decrease 
acidity. 

An electron-withdrawing substituent stabilizes the anion by 
dispersing the negative charge and, therefore, increases the acidity. 
On the other hand, electron-releasing substituents intensify the 
negative charge on the anion resulting in decrease of stability and 
thus decrease the acidity of the acid. 



Ad electron-withdrawing substituent An electron-releasing substituent O 

C withdraws electrons and stabilizes releases electrons and destabilizes 
the anion the anion 

{Acidity increases) (Acidity decreases) 

For example, electron-releasing alkyl groups weaken acids, while 
electron-withdrawing halogens strengthen the acids. ThusCH 3 COOH 
(acetic acid) is about one-tenth as strong as HCOOH, and 
C,HbCOOH (propionic acid) containing a larger alkyl group is 
weaker still. Chloro-acetic acid (CH 2 Gl.COOH) is 100 times as strong 
as acetic acid, CHCl t .COOH is still stronger and CCl 3 .COOH is 
10,000 times as strong as CH a COOH. 

Electron-withdrawing nature of various halogens is in the 
order : 

F > Cl > Br > I 

Hence, strength of halogen-substituted acids is in the order : 
FCHbCOOH > ClCH a COPH > BrCH, CHOO > ICH a COOH 

CHjCHCLCOOH is stronger than CHzClGH a .COOH since in¬ 
ductive effect of chlorine in ^-position is stronger than in ^-position. 

Measure of Acidity of Adda. The carboxylic acid RCOOH 
ionizes as follows : 

RCOOH + H a O RCOO + H 3 6 

The equilibrium constant for the system is termed ionizttion 
constant, K„ of the acid and is a measure of the acidity of the acid. 

K [RCOO-][H a O] 

[RCOOH] 

Water being present in large excess, [H a O] remains constant 
and is omitted* K m values of some acids are given below. These 
will help us to know the relative acidity of various acids. The values 
given below confirm the order of acidity of various acids and substi¬ 
tuted acids. 
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Table 23*1 — K„ Taints of Some acids al 398 K 


Acid 

T. 

Acid 


HCOOH 

177X10-* 

CH.FCOOH 

260x10-' 

CH.COOH 

175x10'* 

CH.C1COOH 

136x10“* 

C|H|COOH 

V3x\0 l * 

CH.BrCOOH 

125x10-* 

C.H.COOH 

6'3 xlO- 8 

CH.ICOOH 

67xl0-‘ 

CH..C.H.COOH ! 

1 

4*2xl0» 

CHCl.COOH 

5*5 X10- 1 



Ca,COOH 

232 XlO" 1 


INDIVIDUAL MEMBERS 

9. Formic Add, Methanoic Add, HCOOH.— The first 

member of the acid series is formic acid. It occurs in red ants 
(whence the name), in the stings of bres and wasps and also in the 
bristles of stinging nettles (fiTO W*t). 

Preparation. Formic acid may be prepared by any of the 
general methods used for the preparation of fatty acids. It is, how¬ 
ever, prepared industrially by heating sodium hydroxide with carbon 
monoxide at 483K and under 6-10 atmosphere pressure. 

NaOH+CCM* HCOONa 

The sodium formate is distilled with dilute sulphuric acid when 
an aqueous solution of formic acid is obtained. 

2HCOOx\a + H^O, ^ 2HCOOH f Na 2 S0 1 

To prepare thf anhydious acid, the sodium salt is warmed 
with a mixture of concentiated sulphuric acid and anhydrous formic 
acid. In the presence of the latter, concentrated sulphuric acid has 
very little tendency to dehydrate formic acid. 

Formic acid may be prepared in the laboratory ( i) by pass¬ 
ing methyl alcohol vapour ■> or formaldehyde mixed with air over plati¬ 
num black- (catalyst). 


Platinum black 

CHjOH + O* HCOOH + H 4 0 

Methanol Formic acid 

2HCIIO + 0,-* 2HCOOH 

Formaldehyde , Formic acid 

(ii) Formic acid is more conveniently prepared in the labora* 
tory by heating glycerol with oxalic acid at 370-380K in a distilla¬ 
tion flask fitted with a thermometer and a condenser (Fig. 23 4 1). 
Glyceryl monoxalate first produced loses carbon dioxide to give 
glyceryl monoformate (monoformin). 
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Fig. 23 1—Preparation of formic acid in the laboratory. 


CH 4 0 |H + HOloC.COOH CH a 00C.|900|H 
I Oxalic acid | 

CHOH 370-380K CHOH Heat 

Ah*OH -H.O CH s OH -CO, 

Glycerol Glyceryl 

monoxalate 


CHjOOCH 
HOH 


A 


ch 2 oh 

Glyceryl 
mono formate 


When the evolution of carbon dioxide decreases, more oxalic 
acid is added. The monoformin is now hydrolysed to giycerol and 
formic acid. 


HiOH 

CH a O|OCH 

dlHOH 

I 

CH*OH 


Monoformin 



CH 2 OH 

I 

CHOH + HCOOH 
| Formic acid 

CH.OH 
Glycerol 


An aqueous solution of formic acid distils over.and th* 
regenerated glycerol reacts with fresh oxalic arid added. Thus the 
cycle of changes is repeated and small quantity of glycerol can 
convert a large amount of oxalic acid into formic acid. 


Preparation of Anhydrous Formic Acid. The aqueoua 
solution of formic acid obtained above cannot be fractionated to get 
anhydrous acid because the boiling point of the acid is 373 5K. 
The aqueous solution is neutralized with litharge or lead carbonate 
and concentrated to get lead formate crystals. The crystals are driqd 
and heated at 373K in a current of hydrogen sulpnide when thr 
anhydrous formic acid distils over. 

fHCOOJtPb ♦ H s S 2HCOOH + PbS 
Lead formate Formic'acid 
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The anhydrous acid is contaminated with a small quantity of 
hydrogen sulphide. To free it from the latter it is redistilled over 
tome dry lead formate. 


STEAM 



Fig. 23 ’2 —Preparation of anhydrous formic acid. 

10. Pro p erties of Formic Add. 

(a) Physical. Formic acid is a colourless, pungent-smelling 
mobile liquid (m.p.=*28l'4K ; b.p.=373‘5K). It is miscible in all 
proportions with water, alcohol and ether. It is corrosive and pro¬ 
duces blisters on the skin. 

(&) Chemical. Formic acid behaves both as an acid and as 
an aldehyde. The dual behaviour is justified by its structural 
formula wherein both carboxyl and the aldehyde groups are present 
as indicated below : 

O O O 

H—G—OH Hi—C—OH H—C—[OH 

Forznic acid Carboxyl group Aldehyde group 

(1) Acidic Nature. Formic acid gives the general reactions 
of the fatty acids. It is a stronger acid than any of its homologues 
and is about twelve times as strong as acetic acid. Thus it turns 
blue litmus red, neutralizes alkalis, decomposes carbonates and 
dissolves certain metallic oxides. Formates obtained are all soluble 
in water except those of silver and lead which are sparingly soluble. 

(2; Reducing Action. Formic acid and formates are strong 
reducing agents like the aldehydes. It reduces ammoniacal silver 
nitrate, acidified potassium permanganate, and the salts of many 
heavy metals, e.g. 9 it reduces mercuric chloride td mercurous chlo¬ 
ride or mercury. During these reductions, formic acid is oxidised 
to carbonic acid. 

O O 

I O H 

H—C—OH —► HO—G—OH —► 00,+H.O 

Formic add Carbonic acid 

(a) An acidified solution of potassium permanganate is decolo¬ 
rised due to reduction. 

Mn0 4 - + 8H+ + 5e‘ Mn* + 4H.O]x2 

HCOOH -► CO a + 2H++2«-] X 5 
2kln0 4 -t-6H + +5hC60H -* 2Mn* t +8H*0+5CO l 
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(6) Ammoniacal silver nitrate is reduced to silver mirror 
(metallic silver). 

2Ag(NH a V + HCOOH 2Ag+CO i +2NH.++2NH, 

(3) DEHYDRATION. With concentrated sulphuric acid, formic 
acid is dehydrated to carbon monoxide and water. 

h,so 4 

HCOOH-► CO + H.O 

This reaction is used for the preparation of carbon monoxide 
in the laboratory. 

(4) Decomposition. When heated under pressure at 433K T 
formic acid decomposes to give carbon dioxide and hydrogen. 

HCOOH -► CO, + H, 

(5) Action of Heat on Formates. 

(0 Sodium or potassium formate when heated rapidly to 633K» 
loses hydrogen and gives the oxalate. The reaction has been used 
for the manufacture of oxalic acid which can be liberated by treat¬ 
ing the sodium salt with dilute hydrochloric acid. 

HCOONa — H a COONa HC1 COOH 

HCOONa COONa COOH 

Sod. formate Sodiun Oxalic 

( Two molecules ) oxalate acid 

(it) On heating the alkali formate with soda-lime, hydrogen is 
evolved. 

Hl COONa + NaO|H -► H, -+ Na a CO, 

(»»») Ammonium formate on heating gives formamide. 

HCOONH 4 -► HCONH, + H.O 

Amm. formate Formamide 

(tv) Calcium formate on heating gives formaldehyde (c/. other 
calcium salts which produce ketones). 

(HCOO) 2 Ca-► HCHO + CaCO, 

Calcimarformate Formaldehyde 

11. Use*. —Formic acid is used : 

(i) As an antiseptic and for preservation of fruit. 

(si) In fanning for removing lime from the leather. 

(tot) In dyeing wool and cotton fabrics. 

(tv) In coagulating rubber. 

(v) Nickel formate is used as a catalyst in hydrogenation of 
oils. 

12. Tests for Formic Add and Formate*.— 

(t) Neutral solutions of formates give a red colour with ferric 
chloride solution (neutral). Formic add it neutralised with ammonia 
befori testing. 
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(ii) With ammoniacal silver nitrate solution they give silver 
mirror. 

(Hi) With mercuric chloride these produce a white precipitate 
of mercurous chloride. 

(ir) On heating with concentrated sulphuric acid, carbon 
monoxide is liberated, which burns with a blue flame. 

13. Structure of Formic Acid.—(/) Molecular formula of formic acid 
a> determined from its analytical data and molecular weight determination is 
CH b O,. 

1/7) Assuming that carbon is tetravalent, oxygen bivalent and hydrogen 
monovalent, two possible structures of formic acid are : 



(iii) Formic acid is monobasic and only one hydrogen atom is replaceable 
by a metal. This suggests that the two hydrogen atoms are in a different state 
cf combination as in formula 1. 

(iv) Formic acid is a strong reducing agent like aldehydes. This suggests 

y° 

the existence of aldehyde group, H—as in formula I. 


(v) The formula I for formic acid is further confirmed by its formation 
from chloroform and caustic potash. 



Cl K'OH 

|Cl + KiOH 
| Cl KOH 


ZiT h-c/ £T h . 

^ H \ OH 

UFT 


—H t O 

--- H—C 


✓ 

\ 


O 

OH 


14. Acetic Acid, Ethanoic Acid, CH 3 COOH. —In the form 

of vinegar, acetic acid has been known since very early times. It is 
found free in a number of fruit juices and in combined state in many 
oils and essential oils. It is one of the commonest organic acids. 

15. Preparation. —Acetic acid can be prepared by any of the 
general methods of preparation of fat tv acid given before. It is, 
however, prepared industrially as follows * 

(1) From Acetylene. The modern method for the manu- 
facture of ace'tic acid is from acetylene obtained from calcium car¬ 
bide. Acetylene is passed through 42% sulphuric acid at 333K con¬ 
taining 1 % mercuric sulphate to get acetaldehyde. This is further 
oxidised to acetic acid by passing a mixture of air and acetaldehyde 
vapours at about 343K under pressure over manganese acetate 
(catalyst). 

h*so 4 + o 

CHmCH+H x O-► CH a CH=0 —► CH a COOH 

Acetylene HgS0 4 Acetaldehyde Acetic acid 

The yield is very good and the strength of the acid prepared ii 
about 97 per cent. The method is quite cheap and about 75 per 
cent of acetic acid needed in the ILS.A. is manufactured by thil 
method. 
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(2) From Pyroligneous add. Pyroligneous acid is an aqueous liquor ob¬ 
tained when volatile products from wood distillation are passed through water. 
It contains acetic acid (9-10%), methyl alcohol (2-3%) and acetone (0*5%). If 
is boiled and the vapours are led through boiling milk of lime where acetic acid 
forms calcium acetate while the other constituents pass over. 

The calcium acetate is dried and distilled with concentrated sulphuric acid 
when dilute acetic acid (70-75%) distils over. The dilute acid is neutralized with 
sodium hydroxide and evaporated to give sodium acetate. This is fiised and dis¬ 
tilled with concentrated sulphuric acid when glacial acid (100%) is obtained. 


With the discovery of cheap synthetic method for] the manufacture of 
acetic acid, this method has become obsolete. 

(3) Fermentation Process. The manufacture of acetic acid 
by fermentation process is based upon the oxidation of fermented 
liquors (10-1^% alcohol) by air under the influence of mycoderma 
oceti. A 3-7 per cent solution of the acid obtained is called 

vinegar. 


C a H*OH+O s -► CH 3 COOH+H t O 


In the Quick Vinegar Process , wooden vats with perforated 
tops and false bottoms (Fig. 23'3) arc packed with beachwood shav¬ 
ings moistened with qji ALCOHOL 

old vinegar (ferment) SOLUTION 

Dilute alcohol solu¬ 
tion (a 10 ptT - C nt 
aqueous solu * of 
ethanol, con jng 
phosphate am inor¬ 
ganic salts which are 
necessary for the fer- 
mentation) is then 
made to trickle down 
while a current of 
air is blown in. The 
dilute acid obtained 
is recirculated through 
this towxr or otlici 
similar tenvers used 
in series till tile con 
rent ration reach ei 

8-10 per cent. Th< 
following points should 
be carefully noted : 



(t) When the percentage of alcohol in the fermented liquor 
used is more than 15, the cell walls of the bacteria arc hardened 
and they lose their activity. In pure dilute alcohol solution they 
do not grow because they have nothing like nitrogenous matter there 
for their maintenance. 


(ii) The supply of air should be carefully regulated. With less 
air, oxidation proceeds only up to acetaldehyde while with too much 
of air oxidation proceeds still further to carbon dioxide and water* 
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C.H.OH-^ Cfi,CHO CH,COOH 2CO.+2H.O 

ElhyJ alcohol Acetaldehyde Acetic acid 

( Hi ) Flow of alcohol is to be regulated in order to maintain 
the temperature betweeh 303-308K at which temperature fermenta¬ 
tion proceeds best. 

It is only recently that vinegar has been used as a source of 
commercial acetic acid. This is entirely due to the introduction of 
highly efficient methods of fractionation. Vinegar is fractionated to 
get glacial acetic acid. 

16. Properties : (a) Physical. —At ordinary temperature, acetic 
acid is a colourless, corrosive liquid with a pungent smell of its own 
but below 290K it solidifies to an icy mass which gives it the name 
glacial acetic acid. It boils at 39IK and its specific gravity is TQ8 
at 273K. It is miscible with water, alcohol and ether in all propor¬ 
tions. Acetic acid is a good solvent for sulphur, phosphorus, iodine 
and many organic compounds. 

(b) Chemical. Acetic acid is a typical member of fatty acids. 
Its reactions have already been discussed under general reactions of 
tatty acids. 

17. Uses. —(i) Acetic acid is used in the manufacture of 
various dyestuffs, perfumes and rayons. 

(it) In the manufacture of rubber from latex and casein fiom 
milk, acetic acid is used for coagulation. 

(m) Its salts are used in medicine and also paints. 

(iv) Acetates of aluminium and chromium are used as mor¬ 
dants. 

(v) Dilute acid is used as vinegar for table purposes while con¬ 
centrated acid is used as a solvent. 

(vi) Its organic esters are generally used as perfumes. 

18. Tests for Acetates and Acetic Acid. 

(i) Healing with concentrated sulphuric acid . When an acetate 
is heated ivith a few drops of concentrated sulphuric acid, a chars- 
teristic vinegar odour is perceived. 

(ii) Fruity odour test. A banana smell due to the formation 
of ethyl acetate on heating with alcohol and concentrated sulphuric 
add is confirmatory test for all acetates. 

(i«i) Action of ferric chloride. A drop of neutral ferric chloride 
in a neutral solution of acetate gives a red coloration which gives a 
reddish precipitate on heating. 

19. Strsctsro of Acotfc arid.—Molecular formula of aeetfe add as 
calculated from its analytical data and molecular weight determination is 
QH.cn. 
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(A) Prom its preparation by the hydrolyiis of methyl cyanide, 

HOH-NH, /O/HI —If.O s° 

CH|—Gb N +H OH ► CH S —C—|OH-► GH*C—OH 

_ HOH X Oh' (Acetic aeli\ 

Unstable 

we conclude that its structure is as indicated above and contains one methyl 
group (CH,—) and one hydroxyl group (—OH) which form oart of the carboxyl 
O 

✓ 

group (—C—OH). 

(c) This view is supported by its reactions : 

(0 On chlorination, three of its hydrogen atoms arc replaced by chlorine 
atoms. These are hydrogen atoms of the methyl group. 

(ii) With phosphorus pentachloridc, one hydrogen atom along with one 
oxygen atom is replaced by one chlorine atom, showing the presence of one 
monovalent hydroxyl group. 

(HI) With sodium only one of the hydrogen atoms is replaced, showing 
this hydrogen to be different from tbe remaining three. This is hydrogen atom 
of the hydroxyl (OH) group, different from the remaining hydrogen atoms which 
are present in the methyl (CH,) group. 

20. Comparison of Formic Acid and Acetic Add.—Both 

formic and acetic acids contain a carboxyl group. The points of 
similarity between the two acids as' given below arc, in fact, pro¬ 
perties of the carboxyl group. Acetic acid contains a methyl group 
attached to the carboxyl group whereas formic acid has only a hydro¬ 
gen atom in place of methyl group. The points of difference between 
them as given below are the reactions of methyl group and the lonely 
hydrogen atom which can be easily oxidised, thus rendering formic 
acid a strong reducing agent. 

Points of Similarity : (/) Both give salts with alkalis and carbonates. 

(0) Both form esters (formates and sextates) when heated with an aloohol 
and sulphuric acid. 

{IU) Both give acid chlorides with phosphorus pentachloridc. Formyl 
chloride produced Is unstable whereas acetyl chloride is stable. 

{tv) Ammonium salts of both the acids give amides (formamide and 
acetamide) when heated. 

Points of Difference : The points of difference between the two adds are 
given below in the table : 


Formic acid 

1. Decomposes on beating to 
give carbon dioxide and hydrogen. 

2. With concentrated Sulphuric 
acid, gives carbon monoxide and water. 

3. With halogens, there 4s no 

action. 

4. Reduces amnaoniacal silver 
nitrile and Fehling's solution. 

5. Calcium salt oh heating 
gives formaldehyde. 

6. Sodium salt on heating gives 
sodium oxalate+hydrogen. 

7. Sodium salt+soda lime give 
hydrogen on heating. 

8. Electrolysis of alkali salt 
solution gives hydrogen. 


Acetic add 

Stable. — “““ 

Stable. 

Substituted adds are formed. 

No action. 

Calcium salt on beating gives 
acetone. 

No action. 

Methane is produced. 

Ethane is obtained. 
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21. Vinegar (f^TTVT).— When the percentage of alcohol is less 
than 15 in a iiquor, a living organism, mycoderma aceti which if 
always present in air, can bring about ihe acetous fermeotadon, It 
is an oxidation brought about by bacteria. It was Pasteur who studied 
this problem first—“\Vhy wines go bad”. Vinegar is only a dilute 
solution of acetic acid containing colouring matter and other sub- 
stances like some other organic adds, their esters, ;ugar and dextrin 
which impart it the usual pleasant taste. Four to five per cent acetic 
add to which burnt sugar is added to give it colour forms the com* 
mon vinegar—only an imitation of vinegar, sold in bazar, is devoid 
of the usual pleasant taste of real vinegar. 

Vinegar is manufactured by tsvo different methods as described 
belov/ : 

(0 Slow Vinegar Process or the Old French Process. 

•Several shallow wooden vats, moistened w’fh a little vinegar to supply 
the ferment, ar* filled with light wine and exposed to air. After a 
few days alcohol present in v me is oxidised to vinegar which can be 
siphoned off and fresh charge adikd. 

In India common method used for preparation of vinegar is b> 
exposing sugai cane juice to air for a long time. A little of viuegar 
is sometimes added to supply the ftrm-nt which is otherwise .supplied 
by air. Fermentation sets in and sugar gets converted into vinegar 

(ti) Quick Vinegar Process or the German Process. The 

vinegar obtained by the slow pioLess is of better quality and is 
generally used for table purposes while one produced by quick 
process (see page 2 235) is put to industrial uses. 

22. Propionic acid, Propanoic acid , C 2 H 5 GOOH.— Propionic 
acid is prepared industrially by the oxidation of n-propyl alcohol. 

[O] 

CH*.CH a .CH a OH-►CH 8 .CH j .COOH 

1'Propanol Propionic acid 

It is a colourless, oily liquid (b.p. 414K) having an add odour. 

It is miscible with water, ethanol and ether in all proportions. 

23. Butyric acid, Butanoic acid , G 3 H 7 COOH.— Two isomeric 
butyric acids are known. 

n-Butyric acid, CHa.CH 2 CHj.COOH, occurs free in perspira¬ 
tion, as the glyceryl ester in butter. It is prepared industrially : 

(») By the oxidation of n-butyl alcohol. 

(u) By the butyric fermentation of carbohydrates with the help 
of the micro- organism Bacillus butyricus . 

It is a viscous liquid (b.p. 435K) smelling like rancid butter 
and is miscible with water, alcohol and ether. 

Isobntyric acid, (CH a ) 2 CH.COOH, occurs free and in the 
combined state as esters in many plants. It is prepared industrially 
by oxid ition of isobutyl alcohol. 

[O] 

(CH0iCH.CH 1 OH—► (CH B ) t CH.COOH 
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It may also be prepared synthetically as follows : 

P+I. KCN 

(CH i ) 2 CHOH-►<CH,) 8 CHI-► (CH 8 ) 8 CHCN 

Isopropyl Isopropyl Isopropyl 

alcohol iodide cyanide 

H t O 

-► <CH 8 ) 8 CII.COOH 

acid Isobutryric 

It is a colourless, oily liquid (b.p. 427K). sparingly soluble in 
water. Its calcium salt is more soluble in hot water than in cold and 
thus differs from calcium salt of n-butyric acid which is more soluble 
in cold water than im hot. 

Unlike the normal acid, it is more readily oxidised to acetone 
orjLcetic acid and carbon dioxide. 

24. Higher Fatty Acids. 

Palmitic acid (hexvdecoic acid), CJ lfi H al COOH occurs as 
glyceryl ester in palm oil. It is a colourless waxy solid (m.p. 337K). 

Stearic acid ( octadecoic acui), C 17 H 35 C!OOH is prepared indus¬ 
trially by hydro!) sis of tristrarin, a solid fat and hence its name 
(Greek: stear— tallow). It is a colourless waxy solid (m.p. 345K) used 
in the manufacture of candles and face cream. 

The sodium and potassium salts of palmitic and stearic acids 
are the constituents of ordinary soap:>. 

UNSATURATED MONOCARBOXYLIC ACIDS 

25. Nomenclature. —Unsaturatrd acids are usually known by 
their common names. For naming these according to the IUPAC 
system, the longest carbon atoms chain with the carboxyl group and 
the double bond is selected. Their reiative positions are indicated 
by numbers, c.g ., B CH a . 4 CH = 3 CH z CH 2 1 COOH is 3-pentcnoic acid. 

Alternatively, the unsaturated acid is named as the substitution 
product of an olefin, t.g.> the above acid will be named as but-2-ene-l - 
carboxylic acid. Some common members are : 

Formula Common name IUPAC name 

CH l «»CH-COOH Acrylic acid 2-Propenoic acid 

CH b .CH~CH,COOH Crotouicadd 2-Butenoic acid 

26. Acrylic Add, 2-Propenoic Acid, CH B =CH.COOH. 

Preparation. Acrylic acid is prepared : 

(») By the oxidation of acrolein with ammoniacal silver nitrate . 

Amin. 

CH a =CH.CHO + [O]-►CH 8 =CH.COOH 

Acrolein AgNO* Acrylic acid 

(«) By oxidation of allyl alcohol after protecting the double bond 
as follows : 


CH, Br. 

II -* 

CH 

CH,Br 

[O] CH 8 Br 

Zu/CH.OH CH, 

| 

CHBr 

| 

HNO. CHBr 

> 1 

—ZnBr, CH 

| 

CH.OH 

Allyl alcohol 

j 

CH,OH 

| 

COOH 

|| 

COOH 
Acrylic acid 
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(iii) By heating x-bromopropionic acid frith alcoholic potash. 

CH s .CHBr.GOOH + KOH-► CH^CH.COOH+KBr+H.O 

b 'bromo prop ionic acid ( Alcoholic ) Acrylic add 

(iv) By heating fchydroxypropionic acid with aqueous caustic soda 
or by heating ethylene cyanohydrin with sulphuric acid. 

NaOH, A 

GH..CH.COOH-► CH,«CH.COOH 

—H.0 Acrylic add 

OH Hj 

Mtydroxypropionic add 


H,S0 4 i —H t O 

GH.OHXJH.cn -►CH 1 OH.GH r COOH-*CH.=CH.COOH 

p-hydroxypropiomc add 

( 0 ) A new method for its manufacture is by the interaction of 
acetylene, CO and water in presence of nickel (catalyst). 

CH«iCH+CO+H.O-►CHj=CH.COOH 

Pr o p er ties . Acrylic acid is a colourless pungent-smelling 
liquid (b.p. 414K) miscible with water in all proportions. 

Chemical properties of acrylic acid are the general properties 
of Xinsaturated acids. It behaves both as an acid and as an alkene 
as shown by its following reactions : 

(t) Reduction. With nascent hydrogen it gives propionic add 

Na/C.H.OH 

CH.-CH.COOH+2[H]-►GH I .GH 1 .GOOH 

(»») Addition of Halogens . With halogens it gives addition 
products. 

GH,-CH.GOOH+Br. CH.Br.CHBr.COOH 

a, Mdsomopiopioiuc add 

(m) Addition of Halogen acids . It gives P'halogenopropkmic 
add contrary to the Markownikoff's rule. 


CH.-GH.COOH+HGl-K5H.Gl.CH 1 .GOOH 

P-chkm>propionic add 

. Daring addition of halogen adds to * 0 - and ly-ansaturatsi adds 
the holosg* Stem attaches to the aasaturated carbon atom away from ike carboxyl 
fWgL^ihii olay be ascribed to the inductive effect of carboxyl group (c/ t allyl 

Addition or haloge# acids to YJ-mtftturated acids takes place in accord¬ 
ance with MarkowrukofTs rule. This is explained by saying that the inductive 
effect of carboxyl group ceases beyond ^-carbon atom. 


CH,-CH.CH l .CH l .COOH+HBr 
4-Pentenoic acid 


CHfCHBrJ__._ 

y-bromovaleric arid 


(to) Oxidation. With dilute potassium permanganate acrylic 
acid is oxidised to glyceric acid whereas oxalic acid is produced on 
vigorous oxidation. 


CH.«CH.C00H+H.0+0 -► CH.OH.CHOH.COOH 

Glyceric acid 

(v) Polymerisation. On standing it Polymerises slowly to a 

solid. 
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(tfi) Reactions of iht carboxyl group. It forms salts, esters and 
acid halides. 


28 . Crotonic AcJd and lao-crotonic Add (BuU2-enoic acid) 
CH B CH—CH.COOH.—Both of these acids have the maa structure hut are 
ae o met rical isomers. 


H—C—CH, 

HOOC—C—H 
Crotonic acid 
(fnaajMsomer) 


H-O-CH, 

H—C-COOH 
Isocrotonio acid 
(dr-isomers) 


Crotonic acid is a more stable form and occurs as glyceryl ester iu croton 
oil from which it derives its name. It is prepared by treating malonic acid with 
acetaldehyde in presence of pyridine (Knoeyenagtl reaction ). 


CH.-CH— |o T H. |C< / 


iv-.vnj) H Pyridine 

- -► CH f .CH-CH.COOH+CO i +H,0 

290K Crotonic acid 


COOH 

Malonic acid 


It Is a colourless crystalline substance (m.p. 345K) which gives general 
reactions of unsat mated acids. 

Isocrotonic acid t« a colourless liquid (f.p. 28BK) which slowly changes 
into crotonic acid when heated at 370K. 


29. Oleic Add, CH^CH^.CH^CHtCH^.COOH—Oleic acid occurs 
as triolein (glyceryl ester) in oils and fats. It is a colourless oil (m.p. 280K) 
insoluble in water but soluble in alcohol and ether. Catalytic reduction of oleic 
acid gives stearic acid. Sodium or potassium salts of the acid are used as soaps*. 
A few other reactions are : 


(0 Oxidation. With acid permanganate it gives nonoic acid and azelaib 

acid. 

acid 

C„H „COOH-* CH t .(CH 1 ) 7 .COOH+COOH.(CH 1 ) 7 .COOH 

Oleic arid KMnO* nonoic acid azelaic acid 

This gives us the position of double bond and the information is furthev 
confirmed by ozonolysis. 

(//) Action of nitrous acid . When treated with nitrous acid, oleic acid 
changes into its geometrical isomer elaidic acid (rra/w-fonn—m.p. 324K). 

H—C—(CHt) T .CH a HNO, CH,.(CH t ) 7 .C—H 

H—C—(CH.VCOOH * H—C—(CH.h.COOH 

Oleic arid Elaidic acid 

(efr-form) ( irons- form) 

(///) Fusion with alkali . When unsaturated acids are boiled with alkali the 
double bond migrates to ap-position, e.g. t 

NaOH 

CH l CH-CH.CH,.COOH-► CH a .CH„CH-CH.COOH 

In Fusion with alkali, the migration of double bond is followed by clea¬ 
vage of the chain at the double bond, e.g ., oleic aud gives ace ic and palmetic 
acids. 

KOH 

CH l (CH 1 ) T .CH-CH.(CH i ) f .COOH ---—► 

Oleic acid migration of (—) 

KOH ' 

[CH,(CH 1 )„.CH=CH.COOH]-- 

intermediate product cleavage of chain 

CH,(CH,)„COOH + CH.COOHt 
(palmitic acid) ' acetic acid 


TOC—H-l‘83-16 
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QUESTIONS 

Bitty Type : 

I. What general methods are available for the preparation of carboxylic 
acids 7 Give an account of the more important reactions of these substances. 

(Delhi B.Sc. 1967 ; Agra 1967) 

Z. How is anhydrous formic acid prepared 7 In what respects does It 
differ from acetic acid and why 7 (Punjab B.Sc. 1971) 

3. ‘The behaviour of first member of a homologous senes is usually 
'•omewhat different from the behaviour of subsequent members of the series.’* 
Illustrate this with reference to formaldehyde and formic acid. (Agra B.Sc. 1967) 

4. Give a brief account of the large-scale preparation of acetic acid. 

Starting from acetic acid how would you prepare; (i) acetic anhydride ; (if) 
acetyl chloride ; (Hi) acetamide 7 (Agra B.Sc. 1967 ; Lucknow 1967 ) 

5. Discuss the structural formula of acetic acid. 

6. Starting with acetic acid how will you prepare : (/) Triehloro-acetic 
acid ; («) Acetyl chloride ; (Hi) Acetamide ; (b<) Adetic anhydride ; (v) Methane 
(vf) Methylamine ; (rtf) Acetone ; (viti) Acetonitrile ; (/jr) Ethane ; (*) Acet¬ 
aldehyde : (xi) Malonic acid ; (xtf) Aminoacctic acid ; and (xiii) Nitromethane 

(Punjab B.Sc. 1961 ; Agra 1964 ; Gorakhpur 1966\ 

7. (a) Account for the fnliowing : 

<0 Molecular weight of acetic acid is double the calculated value. 

(«) Chloroacclic acid is stronger than acetic acid. 

(Hi) The carbonyl group in carboxylic acid does not react with phenyl' 
hydrazine. (Delhi B.Sc. Hons. 1971, 70) 

(b) (r) Why are carboxylic acids stronger acids than alcohols. 

(ii) Butyric acid is a weaker acid as compared with acetic acid, 

41. Indicate how propiouic acid could be converted into : 

<<i) Propionyl chloride, (6) Propionaldehyde, 

(c) a-Chloropropionic acid, (d) Propionic anhydride, 

(e) Lactic acid, (/) Diethyl ketone, 

<*) n-Butyric acid, and ( h ) Acetaldehyde. 

(Agra B.Sc. 1970 ; Madras 1976 ) 

9. How is acrylic acid obtained from (/) acetylene, (ii) ethylene and 
(rti) a Grignard reagent ? How does it react with (/) HBr, and (ii) alkaline 
KMnOft ? (Delhi B.Sc. 1976) 

10. How can formic acid be synthesised ? Show the presence of an 
aldchydic group, carboxyl group and a hydroxy group in its molecule. 

(Delhi B.Sc. Hons. Sub. 1977 ) 

11 . Discuss the structure of carboxylic group. 

12. What is acidity of a carboxylic acid due to ? Why is it a stronger acicf 
as compared to an alcohol ? 

13. Discuss the effect of substituents on acidity of an acid. 

Short Answer Type : 

1. What is a carboxyl group ? Why is it so called ? 

2. Lower carboxylic acids are very soluble in water. Solubility decreases 
■with increase in molecular mass. Explain, why ? 

3. Melting point of an acid with even number of carbon atoms is higher 
than those of its immediate neighbours with odd number of carbon atoms. How 
can you account for this fact ? 

4. Boiling point of an acid is higher than an alcohol with same number 
of carbon atoms. Gne reason, why ? 

5. Which is more aci() ic of each pair : 
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(a) CH.C1COOH 

and 

CH.BtCOOH 

(6) CHCI.COOH 

and 

CH.COOH 

(C) CH.COOH 

and 

HCOOH 


6. Complete the following equations : 

(0 CO, 

(0 C a HaMgBr-► 

<*0 H+ 

(t'O C,H,COONa+NaOH-* 

LiAIH, 

(Ilf) CH.CH.COOH-► 

7. Arrange the adds given in each set in the ojder of increasing acidity 
(A) CH,CH t COOH. CH.CHC1COOH, CH,CHFCOOH 

\b) CH.COOH, CH.C1COOH, CHCl.COOH, CC1.COOH 
(c) CH.CHC1COOH, CH, C1CH.COOH 

8. In acrylic acid, CH^CH—COOIi, the addition of HC1 takes place 
contrary to Markownikoff’s rule but in the acid with structure 

CH a =CH—CH,—CH.COOH, 

the addition is in accordance with the rule. Explain. ( Delhi B.Sc. Hons. 1977) 

9. The labels of four bottles supposed to contain respectively acetone, 
formic acid, methyl alcohol and chloroform have been removed. By what 
chemical tests would you be able to put labels on these bottles ? 

{Jabbalpur B.Sc. 1976) 

10. Though fatty acids have >C—O group in them, yet they not 

form oximes. Explain. {Delhi B Sc, Hons 1976) 

11. An alcohol does not dissociate to give hydrogen ions, while a 
carboxylic acid does, when both contain the hydroxyl group. Explain. 

[Delhi B.Sc. Hons Sub. 1977) 

12. 0-Keto-acids undergo decarboxylation easily. Explain why. 

(Kerala B.Sc. 1975) 

13. Monochloro acelrc acid is a stronger acid than monobromoacetic acid. 

Give reasons. ( Madurai B.Sc. 1976 Supp.) 

14. Starting from propionic acid how are the following prepared ? 

(i) Propionamide, (//) Propionic anhydride, 

(iif) Diethyl ketone. {Madurai B.Sc. 1976 Supp.) 

15. Formic acid is stronger acid than acetic acid. Explain, why. 

{Madurai B.Sc. 1976) 

16. Trichloroacetic acid is a stronger acid than acetic acid. Account for 

this. {Madras B.Sc. 1976 Supp.) 

17. How i9 oxalic acid converted into formic acid ? {Madras B.Sc. 1978) 

18. Give an example to illustrate reducing property or formic add. 

{Madras B.Sc, 1978) 

19. How would you effect the following conversioni ? 

(0 1 -Bromopropane ijtfo butanoic add ? 

(U) Malonic a;id into acetic acid ? (Madras B.Sc. 1978) 

20. How does acrylic acid react with 

(0 bromine, (il) dilute aqueous potassium permanganate ? 

(Madras B t Sc t 1978) 

il. Starting from acetic acid how will you obtain 
(i) monochloroacetic acid, (//) acetamide ? (Madras B 9 Sc. 1978) 

22. Predict the product of reduction of the following sod ium salt or the 
keto acid with sodium borohydride in watei. 

O O 

H 11 e 

CH f —C—CH,CH t C—O 
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HNrt. Ketonic carbonyl group (>C-=0) Is sufficiently electrophilic to 
react with borohydride ion ana get reduced to >CHOH. The carboxylate ion 
does not react due to delocalization. 


/*0 0 

H II e 

Of — r — 0—► 

e 

h—bh 3 


e ip h-Qjh oh 

CT/g— C—CfyCfyCOfP—*■ ChjCHCH^HjCOtf 

H 


23. Arrange the following acids according to their increasing strength, 
giving reasons : 

(f) CH B —O—CH.COOH ( ii ) CHCl*—COOH 

(HO CH*COOH (iv) NH t . CH.—COOH 

(Delhi B.Sc. Hons: 1981) 

Problems : 

1. A neutral compound containing 25*5% nitrogen after being heated 
with hydrochloric acid gave an add containing 49 a 7% C and 8*1% H but no 
nitrogen. 

0'2 g of this add required for neutralization 27'Q cm 1 of N/lO-NaOH 
solution ; the vapour density of the ethyl ester—51. What is the neutral com¬ 
pound 7 

2. Two organic substances A and B had the same percentage composi¬ 
tion, carbon—40*00% and hydrogen—6 67%. The vapour density of A was 15 
while that of B was 30. A reduced Fehling’s solution but did not react with 
■odium carbonate, while B did not reduce Fqhling’s solution buL produced effer¬ 
vescence with sodium carbonate. Deduce the structural formulae of A and B. 

3. An organic compound A gave on analysis C—65*45%, H—9*1%, 
N—25*45%. On hydrolysis ammonia was liberated and the second substance B 
contained C-48*4%, and H-81%. 

Calculate the formulae of A and B. Write equations representing the 
hydrolysis and also discuss the structural formula that you assign to A. 

4 . An organic ester A gave the following results on analysis : 

(а) 0*15 g gave 0*22 g CO, and 0 09 g H,0. The V.D. was 30. 

(б) A on treatment with potassium hydroxide solution gave an alcohol B 
and potassium salt of an add C. 

(c) B could be obtained by reduction of A and C by oxidation of B. 

(d) C reduces silver nitrate. What structural formulae would you assign 
to A, B and C 7 Explain these reactions. 

5. A certain organic Liquid contains C—'4866% ; H—8*11%, What is 
iu empirical formula 7 If the vapour density is 37. give all the possible formulae 
that the substance may have and give tests by which you will distinguish one from 
the other. 

ANSWERS 


I. C t H,C«N 
(Ethyl cyanide) 


2 . 


A is H—C—H . 
(Formaldehyde) 


✓° 

B is CH,C—OH 
(Acetic add) 


H,0 / y 

3. C,H,—C«N-►C,H I —C—OH 

Ethyl cyanide Propionic acid 

(A) (B) 

4. A is HCOOCH, (Methyl formate)’, 

B is CH.OH ( Methanol) ; 

C is HCOOH ( Formic acid ), 

5. Empirical as well as Mol. formula—C,H<0, 

Pot title isomers : 

O O O. 

H I I 

C,H,—C—OH; H—C—O.C.H, CHr-C-OCH, 

Propionic acid Ethyl formate Methyl ace ate 
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Dicarboxylic Acid 

1. Nomenclature.—Sa T, i»-atcd dicarboxylic acids arc rcprc> 
tented by the general formula C„H 2I1 (COOH) a (n=*0 for oxalic acid). 
Their common names generally indicate the source from which these 
have been obtained, e.g oxalic acid as it occurs in plants oF the 
oxalis group. According to I UP AC system, their class suffix it 
dioic acid or dicarboxylic acid as shown below : 


Formula 

Common name 

IUPAC name 

COOH 

doOH 

Oxalic acid 

Eihanediok: acid or 


Dicarboxylic acid 

.COOH 

CH.<" 

x:ooh 

Malonic acid 

Propanedioic acid ov 


Methanedicarboxylic 

acid 

ch b cooh 


Butanedioic acid or 

d-H.COOH 

Succinic acid 

1 : 2-cthane-dicarboxy- 


lic acid 

(CH,).{COOH), 

Cilutaric acid 

Pentanediolc acid 

(CH,),(COOH), 

Adipic acid 

Hexanedioic acid 

(CH,),(COOH), 

Pimelic acid 

Hepianedioic acid 

(CH.hfCOOH), 

Subenc ocid 

Octanedioic acid 

(CH,),(COOH), 

Azelaic acid 

Nonanedioic acid 

(CH.).(COOH), 

Sebacic acid 

Decanedioic acid 

In the trivial system 

positions of side-chains are indicated by 


Greek letters and in the IUPAC system by numbers, e.g., 

a' P' ? a 

COOH.CH.CH 1 ,CH 1 .CHCOOH is 

I I 

CH a Cl 

■-chloro-a'-methyladjpk; acid (Common name) or 
2«chloro-5-rocthylhexancdioic (IUPAC name) 

2. General Methods of Preparation.—(i) By oxidation of 
glycols, e.g., ethylene glycol gives oxalic acid. 

CH.OH COOH 

i — i 

CH.OH COOH 

Higher polyroethylene glycols are inaccessible. This method 
is, therefore, not important. 

(si) By treating halogen substituted esters of fatty acids with silver 

or cine. 

2*245 





2*246 


ORGANIC CHEMISTRY 


Br|GH l .COOC l H t -2AgBr CH.COOC.H, HCI CH.COOH 

2Ag -► | —► I 

B n CH,COOC,H s CH.COOC.H, CH.COOH 

Ethyl bromoacetate Ethyl succinate Succinic acid 

(its) Cyanide synthesis. Starting material is polymethylene 
dlbromide or a halogen-substituted acid. 


CH.Cl KCN CH.CN h.O .COOH 

! —► I —- ch,<; 

COOH COOH x COOH 

Chloro-acetic acid Malonic acid 

CH.Br KCN CH.CN H.O CH.COOH 


Ethylene bromide 


diH, 


CN 


I 

CH.COOH 

Succinic acid 


(ft'e) Crum-Brown and Walker electrolytic method • Electrolysis 
of an aqueous solution of the potassium alkyl ester of a dibasic acid 
gives higher dicarboxylic acid. 

K; OOCf CHjCOOC.Ht 2H.O CH,COOC.H 5 

: -► | +2CO.+H, 

K: OOC\ CHjCOOC^Hb Electrolysis GH a COOC.H il + 2KOH 
Pot ethyl malonate (2 molecules) Diethyl succinate 

(v) By aceloacelic ester synthesis and better by malonic ester 
synthesis (see Chapter 30). 


(ei) By oxidation of cyclic ketones . 

HNO g CH*.CH a .COOH 

>co- 

—ch/ 


CH,r N 


‘^CH.—CH/ CH..CH..COOH 

Cyclohexanone Adipic acid 


3. General Properties.— Dicarboxylic acids are crystalline 
solids soluble in water. Solubility decreases with increase in mole¬ 
cular weights. Their solubilities and melung points show alterna¬ 
tion or oscillation from one member to the next. Odd acids (with 
odd number of carbon atoms) are more soluble in water than even 
acids (with even number of carbon atoms) immediately above and 
below them. Similarly even acids have higher melting points than 
the odd ones. 


Chemical reactions of dibasic acids are mainly the reactions of 
the two carboxyl groups as given below : 

(1) Acidic Nature. The acid strength of the dicarboxylic 
adds decreases as the series is ascended* They dissociate in two 
Heps, the dissociation constant of the first being much greater than 
that of the second* They give two series of derivatives according as 
one or both carboxyl groups react. For example, possible deriva¬ 
tives of oxalic acid are : 


COONa 

Aooh 

Add tod. 


COOC.H. 

COOH 

Add ethyl 

omlnp 


COCl OONH. 

COOH ioOH 

[Hypothetical] Otuunk 
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COONa 

I 

COONa 
Sod. oxalate 
(2) Action of Heat, (i) 
attached to the same carbon atom 
dioxide on heating. 


COOC.H. 

COOC.H, 
Ethyl oxalate 


COC1 


CONH, 

I 


CONH, 

Oxamide 


COC1 

OxaJyi chloride 
Acids with two carboxyl groups 
eliminate a molecule of carbon 


/lCOO|H -CO, 

CH.C--► CHjCOOH 

N COOH Acetic acid 

Malomc acid 


(ft) Succinic and glutaric acids on heating form 
rides. 


cyclic anhyd 


.CHJCOOH —H.O 

h,c<; —► 

'CHjCOOH 

Glutaric acid 


yCHg -CO. 

H,C/ >0 

N^H,—CO' 

Glutaric anhydride 


(is*) Adipic acid and higher members are stable towards heat. 


(3) Action of Heat on Calcium Salta. Calcium salts of higher 
members form cyclic ketones when heated. 


CH 2 .CH z .COO v —CaCO. 

| /Ca-1 

CH 2 .CH t .COO' 

Calcium adipate 


CHj—CH tv 
I >CO 

CH,—CH/ 
Cyclopentanone 


(4) Oxidation. Except for oxalic acid, dicarboxylic acids are 
stable towards oxidising agents. This difference in behaviour is due 
to the fact that oxalic acid molecule has no hydrocarbon chain. 


INDIVIDUAL MEMBERS 

4. Oxalic acid ( Ethanedioic acid), (COOH) 2 .—Oxalic acid is 
one of the most important dicarboxylic acids and occurs in rhubarb, 
sorrel and other plants of the oxalis group (hence the name). 

Preparation. (») Laboratory Method. Oxalic acid is pre¬ 
pared in the laboratory by oxidation of s\n «> (cane-sugar) with 
concentrated nitric acid in the presence A vuiadium pentoxide a» 
catalyst. The product is concentrated and crystallized when oxalic 
acid crystals, (COOH) 8 2H a O separate which can be purified by 
recrystallization from water. 

HNO, 

CiaH^On + 180-► 6(COOH) 2 + 5H 2 0 

Sucrose V i O l Oxalic acid 

(ii) Manufacture. An industrial method lor the preparation 
of oxalic acid, which is now almost obsolete, i.s by heating strongly 
(470-490K) a paste of sawdust with caustic soda when sodium 
oxalate is obtained. The fused mass is treated with water when 
sodium oxalate dissolves. The solution is trratrd with milk of lime 
when calcium oxalate is precipitated which is filtered, washed and 
deco m posed with sulphuric acid to recover oxalic acid. The pre^ 
cipitated rxlftfoup sulphate is filtered off and the filtrate evaporated 
to crystallisation when oxalic odd dihydrate crystallizes out* 
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tioD of oxalic 


(OOOjjC. + H^O.-CjSO. + ^OOOBj, 

(iU) The modem method for the industrial preparation of oxalte 
acid is by heating sodium formate rapidly to 633K. 

COONa 

2HCOONa —► | + H* 

Sodium formate COONa 
Sod. oxalate 

Sodium oxalate obtained is treated as described in method (m) 
fjr obtaining free acid. 

(it?) Oxalic acid can also be obtained by the hydrolysis of 
cyanogen with Concentrated hydrochloric acid. The method is, 
however, of theoretical importance only. 

CN COOH 

f + 4H,0 + 2HC1 - ► | + 2NH 4 a 

CN COOH 

Cyanogen Oxalic acid 

(v) An interesting SYNTHESIS of oxalic acid is by heating 
•odium or potassium in a current of carbon dioxide at 633K- 

2Na + 2CO,-► (COONa), 

633K Sod. oxalate 


(COONa), 
Sod. oxalate 


5. Properties of Oxalic Acid. 

(а) Physical. Oxalic acid is a colourless, crystalline solid with 
two molecules of water of crystallization. The hydrated add melts 
at 374K whereas the anhydrous acid melts at 462’5K. It is 
poisonous in nature, soluble in water and alcohol but almost insoluble 
in ether. 

(б) Chemical. C >.*ahc acid contains two carboxyl groups and 
«gives the reactions of fatty acid in duplicate. 

There being two ionizable hydrogen atoms, it ionizes in two 
Steps. Firnt hydrogen atom ionizes 1000 times more readily than the 
second hydrogen atom. 

COOH K, COO" K, COO- 

l ^ I ** I + ir 

COOH COOH COO" 

K l =54xl0-» + H + K t =52xl0-» 

This difference in K x and K a is due to the fact that more 
energy is needed in the second step when H + (proton) is being pulled 
away from the negatively charged HOOC—COO~ ion than from 
the neutral molecule (in the first step). 

Some important reactions of oxalic acid are : 

(i) Neutralization. With alkalis or carbonates it gives two 
•erics of salts. 

COOH NaOH COONa NaOH COONa 

COOH -IV> AoOH -H.O COONa 

Add tod. oxalate Sod. oxalate 
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(<*) IiIwUhhIwi, With alcohols in the p r etence of mm 
H fSO*, it give* two series of eaters. 

COOH C.H.OH COOC,H* C.H.OH COOC.H, 

| - j -- | 

COOH -H.0 COOH -H,0 COOOH, 

Oxalic acid Diethyl oxalate 

(t«i) With Ammonia. Ammonium oxalate ia obtained when 
oxalic acid reacts with ammonia. This loses water on heating to 
give oxamide. 

COOH 2NHg COONKL Heat CONH. 

1 —- 1 —* 1 

COOH COONH, ZH.0 CONH, 

A mm. oxalate Oxamide 


(»tr) Action of Heat. When heated, the dihydrate loses water 
at 370-3 78K, and when heated at about 470K, oxalic acid 
decomposes into carbon dioxide, carbon monoxide, formic acid and 
water. 

(COOH) 2 -► HCOOH + CO B 

(COOH), -► COg+CO + H*0 

(c) With Glycerol. When oxalic acid is heated with glycerol, 
formic acid or ally! alcohol is obtained depending upon the condi¬ 
tions of reactions (see page 2’162). 


(vi) Dehydration. On heating with concentrated sulphuric 
acid at 360K, oxalic acid loses water giving carbon monoxide and 
carbon dioxide. 

H,SO„ 360K 

(COOH),-► CO+CO.+H.O 

(rtf) Oxidation. With oxidising agents like acidified potas¬ 
sium permanganate, potassium dichromate or chlorine, it is oxidised 
to carbon dioxide. 


(C00H) a +0-► 200,+HaO 

(COOH),+Cl a -► 2CO.+ 2HC1 

With concentrated nitric acid it is only very slowly oxidised. 


(cm) With Phosphorus pentachloride. When oxalic arid 
is treated with excess of phosphorus pentachloride, the two —OH 
groups are replaced by two —C!l atoms and oxalyl chloride (b.p. 
337K) is formed. 


COOH PCI. COC1 
ioOH Brow COC 1 

Oxalyl chloride 




If an excess of phosphorus pentachloride is not used, oxalio 
acid decomposes instead of giving oxalyl chloride. 


COOH 

COOH 


Oxalic 

add 



Intermediate product 


COj+GO+HQ 
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(t») Re da ction. Oxalic acid when reduced with zinc and 
sulphuric acid gives glycollic acid. Electrolytic reduction with lead 
cathode yields glycollic and glyoxylic acids. 

GHiOH GHO Electrolytic CO OH Zd/H|SO| CHjOH 


COOH COOH reduction COOH COOH 

Glyoxylic add Oxalic add GlycoUic add 

4. Uses.—(i) Oxalic acid is used in volumetric analysis and 
is a constituent of most metal polishes. 

(it) It is used to remove ink stains from cloth and to bleach 
etraw (for hats). 

(•it) Its antimony salts arc used as mordants in printing and 
dyeing. 

fiv) Potassium ferrous oxalate is used in photography as a 
developer. 

(t>) For the laboratory preparation of allyl alcohol and formic 

acid. 


7. Teats.—(f) The solid acid or its salts, when heated with 
concentrated sulphuric acid, yield without charring a mixture of 
carbon monoxide and carbon dioxide. 

(ft) A neutral solution of oxalic acid gives with calcium chlo¬ 
ride solution, a white precipitate of calcium oxalate insoluble in 
acetic acid. 


(iff) Oxalic acid or its salt decolorises acidified potassium per¬ 
manganate solution on warming. 


8. Malooic Acid (Fropanedioic acid), CH a (COOH) 2 .—Malo- 
nic acid is commonly prepared by heating potassium chloroacetate 
with aqueous potassium cyanide followed by hydrolysis of the pro¬ 
duct (potassium cyanoacetate) with hydrochloric acid. 


yCl KCN 

“Nxxxt 

Potassium chloroacetate 


yrCN H.O 

CH.C —► CH 

XIOOK 

Potassium cyanoacetate 


y COOH 
*\cOOH 

Malonic acid 


(84%) 


Malonic acid is a colourless, crystalline solid (m.p. 318'5K) 
soluble in water and alcohol but sparingly soluble in ether. It gives 
normal reactions of a dicarboxylic acid, e.g., on heating to 413- 
423K, it eliminates a molecule of carbon dioxide to yield acetic add. 

/iCOOlH 

CH,< -► CH,CO OH+CO, 

N COOH 


When malonic add is heated with phosphorus pentoxide, a 
small amount of carbon suboxide is produced. 

|H OH | 

- P.0,, 

O-C-C-C-O 
—2H t O Carbon suboxide 


. 1 

O-C—C—G-< 
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Its diethyl ester (malonic ester) is * valuable synthetic reagent 
in organic chemistry. 

9. Succinic Add (Butanedioic add), HOOC.C3lgCHt.OOOH. 
—It was originally obtained by distillation of amber called suedimai 
in Latin (hence the name). It is also formed during the fermenta¬ 
tion of sugar, etc. 


Synthesis of Succinic Add 


2C+H, 


Elec. Zn+NH, 

—► CHasCH -► CHg=CH, 

arc Acetylene Reduction Ethylene 


Bx, 


CHgBr KCN CH B CN HiO 

CH,Br * CH 3 CN ' 

Ethylene bromide Ethylene cyanide 


CHgCOOH 

CHgCOOH 

Succinic acid 


Preparation, (i) From ethylene bromide as given above. 

(tt) By the reaction between malonic ester and ethyl cJtioroacetatc 
or iodine (see Chapter 30). 

Manufacture, (t) It is prepared on a large scale as a by¬ 
product during the distillation of amber. The distillate is evaporated 
to dryness and crystallized from hot dil. HNO a . 

(n) Tartaric acid and malic acid on reduction by heating with 
hydriodic acid and red phosphorus in a sealed tube yield succinic add . 

CH(OH)COOH hi CHgCOOH HI CH(OH)COOH 

I - * I «- | 

CH(OH)COOH red P CHgCOOH red P CHgCOOH 

Tartaric acid Succinic acid Malic acid 

(m) By the catalytic or electrolytic reduction of maleic acid. 
CHCOOH Ni CHgCOOH 

II + H a —a | 

CHCOOH CHgCOOH 

Properties of Succinic Acid. 


(а) Physical. It is a crystalline solid (m.p. 458K) moderately 
loluble in water and alcohol but sparingly soluble in ether. 

(б) Chemical. Succinic acid gives the normal reactions of 
dicarboxylic acid. A few more important reactions are : 


(i) On heating, a large amount of succinic acid sublimes, the 
rest loses a molecule of water to give succinic anhydride. 

CH a COO|H“[ CHjCOv 

| >0 + H.O 

CH.CCK 

Succinic anhydride 


CH,CO|OH 

Succinic acid 


(u) On heating ammonium succinate, we get succinamide 
which on further heating loses a molecule of ammonia to give sue- 
dnimide* 


CH a COONH| —zHgO CHgCONHg —NH t 

dai.cooNH 4 


,CONH, 

amide 
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(ill) On electrolysis of an aqueous solution of sodium or potas¬ 
sium succinate ethylene is obtained. 

At cathode : 2H„OH-2e--► 20H+H, 

CHjCOO -1 CH S 

At anode : | -► || +2CO, + 2e‘ 

CH 2 COO CH b 

Uses. Succinic acid finds use in volumetric analysis, medicine 
and in the manufacture of dyes and perfumes. 

UNSATURATED DICARBOXYLIC ACIDS 


10. Introduction. —The formula of the simplest unsaturated 
dibasic acid is HOOC.CH=CH.COOH. In fact this formula 
represents two important isomers, viz., maleic acid and fumaric acid. 
H—C—COOH h—C—COOH 

II II 

H—C—COOH HOOC—C—H 

Cis Trans 

Maleic add which gives anhydride on heating is the Cis variety 
and fumaric acid is the Trans variety. Thus, we find that maleic and 
fumaric acids show Geometrical isomerism (see page l'J84), 


11. Maleic Acid. 

Preparation. Maleic acid is a synthetic compound and does 
not occur in nature. It may be prepared : 

(i) By heating malic acid at about 520K. The maleic anhydride 
formed is converted into the acid by boiling with alhili and then arid*- 
tying. 

CCH(OH) ,COOH — H.O CHCOOH -H,0 CHCO N 


H— 




.COOH 

Malic acid 


NaOH 


CHCOOH 
Maleic acid 

CHCOONa H,0 + 


O 


-r || 

CHCO' 

Maleic anhydrida 

CHCOOH 


Boil CHCOONa 

Sod. salt 

(it) By oxidation of benzene, with air in 
pentoxide catalyst heated to 680-700K. 


CHCOOH 
Maleic acid 

the presence of vanadium 


yCH-CH v 
2CHf v 


If >CH+90, 

Nsh-ch' 


V.o. HC—CO v 

—► 2 II >0+4C0,+2H t 0 
HC—CO' 


The anhydride so obtained is hydrolysed as before. 


Propel ties. It is a colourless, crystalline solid (m.p. 403K) 
soluble in water. On heating a part of the acid distils unchanged 
and the rest changes into maleic anhydride. The anhydride is also 
obtained when the acid is heated with acetic anhydride. When heat* 
ed for some time at 423K, it changes into fumaric acid. Its chemical 
properties have been described under fumaric acid. 

12. Fumaric Add.— Fumaric acid occurs in nature in many 
plants. 

Preparation. (i) By Keating malic acid al 420K for a tong 

time. 
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CH.COOH 

(Ih(OH)COOH 

Malic acid 


(»i) By heating bromosucdnic 
acid is also obtained. 


Heat CHCOOH 

-► II +11,0 

420K CHCOOH 

Pumaric add 

acid with alcoholic potash, maleic 


CHBr.COOH 
| +KOH 

CH.COOH «l€. 


CHCOOH 

II 

CHCOOH 
Fumaric add 


+KBr +H,0 


P r o p er ti es. It is a colourless crystalline solid (m*p, 560K) 
■lightly soluble in water. It does not give the anhydride of its own 
but gives maleic anhydride when heated at 500K. 


Chemically both fumaric and maleic acids give the reactions of 
alkenes as well as dibasic acids. For example, 

(t) Reduction. Both of them give succinic acid when reduced 
eatalytically or with sodium amalgam. 

CH.COOH Na/Hg CH..COOH 

II + 2[H]-► | 

CH.COOH CH a .COOH 

Maleic or fumaric acid Succinic acid 


(it) Addition reactions . Both of them form addition products 
with bromine and hydrobromic acid. A molecule of water is added 
on boiling it with dilute sulphuric acid under pressure and we get 
malic acid. 


CHBr.COOH CH.COOH CH.COOH 


CHBr.COOH CHBr.COOH 

Dibromosuccinic Bromosuccinic 

acid (with Br,) acid (with HBr) 

(tti) Oxidation . Both of them are oxidised 
manganatc to tartaric acid. 


CHOH.COOH 

Malic acid 
(with H b O) 

by alkaline per- 


CH.COOH CHOH.COOH 

II +H z O + O-► | 

CH.COOH {alkaline CHOH.COOH 

Maleic or permanganate) Tartaric acid 

fumaric acid 


(in) Formation of salts and esters. Both of them form salts 
with alkalis and esters with alcohols. 

CH.COONa CH.COOCjH* 

, II II 

CH.COONa CH.COOC a H 6 

Sod. salt Ester 


QUESTIONS 


Enay Type : 

I. What are general methods of obtaining dibasic acids ? How can 
you distinguish between methylmalonic acid, succinic scid, succinic anhydride 
and succinimidc by simple chemical methods 7 

[Him : (0 Heat the sample. Methylmalonic acid decomposes liberating 
carbon dioxide. Succinic acid loses water to give the anhydride. Others am 
■table towards Heat. 
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(B) Ob heating with alkali lucrinfcnide decomposes liberating ammonia fit. 

CH.GOv CH,COONa 

| )NH+2NaOH —► I + NHJ 

CHjCO' CH.COONa 

2. How is the oxalic acid obtained 7 Mention its properties and uses 
Which properties distinguish it from other saturated dibasic acids 7 

3. DesciiSe preparation and properties of succinic add. 

4. Contrast fumaric and maleic acids, making clear their nature of 
Isomerism as well a? the principal transitions between them. 

5 Give the relationship between : (i) succinic acid ; (if) malic acid . 
(/if) maleic acid ; and (fv) fumaric acid. 

Describe how succinic add can be converted into maleic acid. How is 
malic acid converted into maleic and fumaric acids 7 Discuss the structure of 
maleic and fumaric acids. 

6. (a) How is malomc add synthesised ? Describe the action of heat on 
the acid. 

(6) Describe isomerism of fumaric acid and maleic acids and a method 
to determine configuration of these isomers. 

Short Answer Type ; 

1. Write common as well as IUPAC names for the following com* 
pounds : (i) (CH,), (COOH), ; (if) (CH»), (COOHj. 

y COOH CHCOOH ( v ) HOOC.CH.CH,.CH i .CH.COOH 

(iii) CH.' (iV) I ! | 

x COOH CHCOOH CH, Cl 

2. What is the action of alkaline KMnO* on — 

(f) maleic acid, (if) fumaric acid ? 

(Delhi B. Sc. 1976 ) 

3. Based on the orbital concept of covalent bond explain the existence 

of geometric isomers. (Delhi B.Sc. 1976 ) 

4. What is the action of heat on the following : 

(f) Malomc acid, (if) Glutanc acid, 

(iii) Oxalic acid, (iv) Ammonium oxalate, 

(v) Ammonium succinate, (vi) Malic acid ? 

5. How is oxalic acid converted into formic acid ? 

(Madras B.Sc. 1977) 

6. Explain the action of heat on («) Succinic acid and (if) Adipic acid. 

(Madras B.Sc. 197S) 

7. How is oxalic acid obtained commercially ? (Madras B.Sc . 1978) 

8. Indicate one use of oxalic acid in industry. (Madras B.Sc. 1978) 

9. Start.ng from malic acid how would you prepare maleic and fumaric 

•cida 1 (Delhi B.Sc, Hons. Sub. 1978 Supp.) 

10. How would you distinguish between maleic and fumaric acid 7 

(Madras B.Sc. 1974 ; Delhi B.Sc. Ham. Sub. 1978 Supp .) 

11. How will you obtain (f) succinic acid from ethylene 7 

(//) malonic acid from acetic acid 7 (Madras B.Sc , 1 978) 

12. What products are obtained when malic acid is * 

(/) oxidised and (//) reduced. (Madras B.Sc. 1978) 

13. First hydrogen atom in oxalic acid ionizes 1000 times more readily 
than the second hydrogen atom. Explain why 7 

1. An organic compound C*H,0 4 (A) when heated with acetic anhydride 
gives another compound CAOi (B) which in turn reacts with ammonia to live 
a third compound C 4 H|0,N (C). Both B and C may be hydrolysed to A. With 
chlorine A gives a monochloro-compound D which reacts with caustic potash to 
give either (E) or CAOiKi (F) depending upon the condition of the 

reaction. Identify the compounds A to E. 
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2. A dibasic add ggve on analysis the following s 

(а) 0*122 g give on combustion 0 231 g of CO a and 0*063 g of water, 

(б) 1*1113 g of its film salt gave on ignition 0*756 g of ailver metaL 

Assign a formula to the acid and suggest a method for synthesising it 

3. Two grams of a substance of empirical formula CbHiO* neutralize 
33*9 cm 1 of N-NaOH solution. The substance when heated with methyl alcohol 
and hydrochloric acid gas is converted into a neutral compound containing C t 
49*3% and H, 6*84% with a V.D. of 73. What formula or formulae is or are 
possible for the substance and how would you distinguish between them 7 

4. A dibasic organic acid gave the following results on analysis : 0*2496 g 
of add gave 0*316$ g CO t and 0 0864 g H.O. 0*1092 g of acid was neutralized 
by 21 cm 1 of N/10-NaOH exactly. Calculate the molecular formula of the acid 
and write down its structural formula. 


1 


CH.COOH 
A is I t 

CH,COOH 
(Succinic acid ) 

CHC1COOH 
D is 1 ; 

CHjCOOH 

(Monochlorosuecinic 

dc id ) 


ANSWERS 

CH b CO v CH t CO v 

B is I >0 ; C is I /NH : 
CH a C(X CH.CCK 

(Succinic anhydride) (Succinimide) 

CH(OH)COOK CHCOOK 

E is | is || 

CHCOOK CHCOOK 

(For. matate) (Pot. fumarate or Pol . 

maleate) 


XOOH CHjCOOH /COOH 

2. 3. I and CH.CH' 

XXIOH CH a COOH x COOH 

(Malonic acid ) Succinic acid Methylmalonic acid 

.COOH 

4. CH,< ( Malonic acid) 

x COOH 
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Acid Derivatives 

1. Functional Derivatives of Carboxylic Acids.— 

General formula of a monocarboxylic acid is RCOOH. Different 
compounds are obtained when OH group of the COOH group in it 
is replaced by —Cl, — OOCR, —NH* or —OR'. These are termed 
functional derivatives of carboxylic acids. Various derivatives are : 

O 


RC—OH 

Replacement of OH by 


by Of 

by | OOCR 

by NH, 


OR' 

* 

O 

o o 

O 

4 


II 

RC—Cl 

II II 

RC—O-CR 

II 

RC—NH* 

RCOOR' 

Acid chloride 

Acid aohydnde 

Acid amide 


Ester 



RC-— group common to all the above derivatives is known as 
acyl group and these derivatives are termed acyl compounds. 

2. Nucleophilic Substitution at Acyl Carbon. —Before 
discussing various classes of acyl compounds individually, it will be 
instructive to discuss nucleophilic substitution at acyl carbon, a 
characteristic feature common to all of them. 

Nucleophilic addition to the carbon-oxygen double bond 
(>C=0) is a characteristic reaction of aldehydes and ketones. 



Aldehyde or ketone (Nucleophilic addition) 


Car’ioxylic acids and their derivatives are characterized by 
nucleophilic substitution reactions taking place at the acyl carbon 
(carbonyl group) in each. 
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*\ro—i ... 

i/ " S " 


R—C—0~. 

RlO 


An acyl compound Another acyl compound 

L-Cl, OOCR', NH, or 

OR' (or even OH in acids) {Nucleophilic Substitution) 

As shown above aldehydes and ketones undergo nucleophilic 
addition whereas acyl compounds undergo nucleophilic substitution. 
However, initial step in both ieantions involves a nucleophilic attack 
on the carbonyl carbon. This attack is lacilitaled by the same two 
factors in each case : 

(») Relative steric openness of the carbonyl carbon. 

(it) Ability of the carbonyl oxygen to accommodate an electron 
pair of the carbon-oxygen double bond. 

The two reactions, howc\ er, differ in the second step. The 
tetrahedral intermediate obtained in the case of aldehydes and* 
ketones usually accepts a pruton to yield an addition produdt. On 
the other hand Lhe tetrahedral intermediate iormed in the case of 
acyl compound usually ejects the leaving group leading to the rege¬ 
neration of cai bon-oxygen double bond and formation of a 
substitution pioduct. 

3. Relative Reactivity of Acyl Compounds. —The rela¬ 
tive reactivities of various acyl compounds have been found to be in 
the following order : 

.O /O o 

R-Cf > R-C< ]| > R —Cf > R-C^ 

Cl —C—R x OR X NH* 

This overall order of reactivity can be accounted for in terms, 
of the following three factors : 

(t) Basicity of the leaving group, (it) resonance effects and 
(in) inductive effects. 

(fx) Effect of thei Basicity of leaving group. Wtukrr bases are good 
leaving groups. Hence acid derivatives will weaker basrs as lca\ing 
groups are more reactive. Chloride ion b< Hg weakest base, acyl 
chlorides are most reactive of the acid deuvatives. Amines arc tlie 
strongest bases (as compared to Cl”, ”OOOR, ”OR), hence amides 
are least reactive as given above. 

(6) R'"nnnnce effect. Tin: leaving gioup in each I as an atom 
with lone p tir of electrons adjacent to the carbonyl group. The 
compound exists, therrforc, as a resonance hybrid. 


s° : 

X L 

i 


R—C 



II 


TOC—H-l'83*17 
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This results in the stabilization of the molecule as a whole and 
strengthening of the bond between carbon and the leaving group 
(it is C = L in II). The greater the stabilization, the smaller the 
Teactivity of the acyl compound. 

Acyl chlorides arc least affected by resonance since it requ ; re9 
overlap of a 2p orbital of carbon >\ith 3j)-chlorine orbital and L±c. 3 
orbitals being of different sizes, overlap is not large (ineffective over - 
Jap). 


,0: 


R—Cf .. ~ 


\C1: 


R—C 


/9 

Vl:* 


Seine leas* stabili 7 *.d, acid chlorides are most reactive. 

Much more stabilization is caused by resonance in esters and 
nmide since it involves more favourable overlap of 2p orbital 
of carbon with 2 p orbital of oxygen in esters and 2 p orbital of 
nitrogen in amides. 


s—c 




o: 


OR 


/* /*' 

R—C AND R—C +~ 

V+ \ — 

^OR ^NH 2 


'R—C 


/ 


a: 


nh 2 


Ester Amide 

As a result of more stabilization, esters and amides are least 
reactive. 

(c) Inductive effect. Between an ester and an amide, the 
inductive effect of oxygen in ester is greater than that of nitrogen 
in amide, hence ester is more reactive tiian an amide. 

An acid anhydride is also stabilized by resonance as the orbital 
overlap is favourable. However, the stabilization of a particular 
carbonyl group is less than that of an ester since the resonance effect 
is shared between two carbonyl groups as shown below : 


R—C 


Synthesis of Acyl Compounds. As we shall see in the 
methods of preparation of different acid derivatives, in many cases 
cme acid derivative is synthesised through a nucleophilic substitution 
reaction of another. The order of leactivitics of various acid deri¬ 
vatives given above will be of great help in predicting as to which 
synthesis is practical and which is not. In general less reactive acyl 
compounds can be prepared from more reactive ones. The reverse is 
usually difficult and possible only when special conditions and/or a 
catalyst are employed. 



.' s 


C N 

: 0 : 

« • 

- -v - 

*-< 

Q: 

_ *- c v 

*-v 
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Why do Aldehydes and Ketones not undergo Nucleophi¬ 
lic Substitution ? For an aldehyde or ketone to react by nucleo¬ 
philic substitution would involve an ejection of a hydride ion (:H~) 
or an alkanide (:R“) by the tetrahedral intermediate. Both of these 
being powerful bases are very poor leaving groups. Hence the 
reaction does not occur. 

-Of) P 

-*-*■ R —C + ; H 

— I 


Hydride ion 

■orj o; 

R-C-Nu -*+1-/' + :R - 

'* 

Alkanide ion 

[Both these reactions are nnt ftasifAt) 

4. Nucleophilic Substitution at Alkyl and Acyl Car¬ 
bons. —In alkyl halides nuLleophilic substitution is taking place at 
the alkyl carbon while in ac> 1 halides it occurs at the acyl carbon. 
The latter are more reactive than the former. 

/° 

In general R— C — L (an acyl compound) is more reactive than 
the corresponding R—L (an alkyl compound). For example 
O 
II 

R—C—NHj is more reactive than R—NH,, 

O 

II 

R—C—OR' is more reactive than R—O—R', and 
O 
II 

R—C—OOCR' is more reactive than ROOCR'. 

We can account for this difference in their reactivities by 
comparison of the S N 2 mechanism involved in r^ch ca se, The 
nucleophilic attack on an alkyl carbon (e.g.^ ’ m r— x) involves a 
highly crowded and hence unstable traction state having a penta- 
valent carbon. 


Nil? + 





+ :L 


Tetrahedral 

carbon 


Highly crowded 
transition staid containing 
penuvaleat Carbon 
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On the other hand, the nucleophilic attack on trigonal acyl 
carbon (e.g., in R.COC1) involves a less crowded and hence more 
■table transition state which changes into a stable intermediate 


.. L R ffu Jt 

Trigonal Intermediate state 

carbon containing tetrahedral 

carbon 


+ :l 


containing a tetravalent carbon- Moreover, attachment of the 
nucleophile to the acyl carbon involve* the breaking of re bond of 
the C»0 group and shifting of a negative charge to oxygen which 
can readily accept the same. 

Thus greater reactivity of acyl compound is due to the presence 
of C»0 group which is responsible for the ease of formation of the 
intermediate. 


ACID OR ACYL CHLORIDES 

5. Nomenclature.—Acid chlorides are obtained by the re¬ 
placement of the hydroxyl in the carboxyl group by chlorine. These 
are also known as acyl chlorides because they contain the acyl group 
RCO— 

o o 

H Replacement of ft 

R—C—OH-- R—C—Cl 

Fatty acid OH by Cl Acid chloride or 

Acyl chlonde 


The common names of acid chlorides ar^ formed by changing 
the suffix -ic acid of the trivial names of the acids into -yl chloride,, 

Formula Parent acid Common names 


HCOC1 Formic acid 

CHgCOCI Acetic acid 

CgHgCOCl Propionic acid 

CjHyCOCl Butyric acid 


Formyl chloride 
Acetyl chlonde 
Propionyl chloride 
Butyryl chloride 


6. General Methods of Preparation.— Acid chloride may 
prepared by the following general methods : 

(t) By heating the acid with phosphorus trichloride or penta- 
ckloride , e.g. 

3CH 3 COOH + PC1 3 -► 3CH 3 COCl + H 3 PO, (g.) 
C t H*COOH + PC1 S -► C 2 H 6 COCl + POCl,+HCl(e.p,> 

Propionic Propionyl 

acid chlonde 

(w) By the action of thionyl chloride on the acid, 

CH S COOH-fSod* -► CH 3 COCH-SO,+HC1 (v.g.) 
Acetic acid Thionyl Acetyl 
chloride chloride 

{in) Acid chlorides are prepared indnstrially by distilling 
sodium salts of the acids which are cheaper, with phosphorus trichloride* 
phtjphoiyl chloride or svjphuryl chloride, e.g., acetyl chloride is prt* 
from sodium acetate. 
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2CH a COONa+POCl s 2CH a COCl 4-NaGl+NaPO B 
2CH a COONa+SOaCl*-^ 2CH a COCl+Na a S0 4 

7. General Properties of Acid Chlorides.— 

Physical. Lower members are colourless, pungent-smelling 
liquids ; the higher members are colourless solids. They fume in 
moist air. These are insoluble in water but slowly dissolve on account 
of hydrolysis. 

Chemical. The chlorine atom in acid chlorides is very reac¬ 
tive. This makes acid chlorides very important reagents. Various 
chemical reactions shown by them are : 

(») With hydroxy compounds. When acid chlorides react 
with hydroxy compounds, e.g. 3 water, alcohol (ROH), the H-atom of 
the —OH group is replaced by acyl (—COR) group (Acylation). 
Acylation with acetyl chloride is termed acetylation. 


HOjH + CllCOCH,-► 

HOCOCH 3 

+ 

HCI 

Water Acetyl chloride 

Acetic acid 



RO|H -+- Cl(COCH, -- 

ro.coch 3 

+ 

HCI 

Alouhol 

Acetyl deriv. of 
alcohol {Ester) 




The mechanism of the reaction is as follows : 
With water — 


ii r \. 

CH,—C + OH — 

I 

Cl (from water) 
With alcohols — 


r O 

r i i 

I ch 3 -c- OH I 

l c ! J 

*CI 


o 

II 

ch 3 —c— oh -i- ci- 


<! 


o 

ii •• 


CH,—C+ :0—CH a 

I I 

Cl H 


O 

f CH,—C—O—CH a l 

1 II J 

Cl H 


C° 

r U I 'i 

-H+ CH,—C—OCH, 

*-* ^ r \ J 


L C1 


o 

II 

CH,—C— OCH, + Cl- 


(«) With amino compounds. Acylation occurs when add 
chlorides react with amino compounds. During acylation H-atom of 
the amino group (—NH, or >NH) is replaced by an acyl (—COR) 
group. 

CH,CO |CI + H| NH a -► CH,CONH, + HC1 

_Ammonia Acetamide 

RNH |, + Cl lCOCH, —► RNH.COCH, + HCI 
Anitas Acetyl Acetyl deriv. of 

chloride the amine 
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The mechanism of the reaction is at follows ; 



GH,—C + : NH, -► 

di 



—H+ 



NH 


0 


o 

ii 

CH,—C—NH, 


ci- 


(»»») Reduction. Acid chlorides on reduction with hydrogen 
in presence of palladium suspended in BaSO, yield aldehydes 
(Boeenmund’a reaction). For example, acetyl chloride on reduction 
gives acetaldehyde. 




Pd 


CH,C—|Cl + HI—H-►GH,—C—H + HG1 

Acetaldehyde 

(ttf) Formation of Acid anhydrideB. When heated with 
sodium salt of a fatty acid, they give acid anhydride, e.g ., acetyl 
chloride with sodium acetate gives acetic anhydride. 


CH,COO Naj 

+CH,CC)|ci 


CH.GO 

- O + 

CH,CO 

Acetic anhydride 


NaCl 


C 2 H 6x /OMgl 


CH, 


/ C \c, 


(t>) With Grignard reagents. Add chlorides react with 
Grignard reagents to produce ketones, e.g., 

O 

S /C,H S 

CH,—C + Mg v — 

\ X I 

a 

Acetyl chloride Ethyl magnesium iodide 

C,H,n A 

—► >c=0 + Mg< 

CH, X V C1 

Ethyl methyl ketone 

(w) Halogenation. Acyl chlorides are readily halogenated in 
the a-position (see page 2*355). 

(ini) With carboxylic acids. The acyl chlorides react as under: 

RCOCl+R'COOH s* RCOOH+R'COCI 


In case R'COCl has lowest boiling point, whole of R'COOH 
may be converted to R'COCl. 

(vm) With Ethers. Acetyl chloride reacts with ethers in the 
presence of zinc chloride to form alkyl acetate and alkyl chloride. 
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CH a GO |Cl -h C 1 H B | t Q.C a H t —►CM 1 COOC 1 H g + Outfit 

Acetyl chloride Ether Ethyl acetate Ethyl chloride 

(ix) With potuahun cyanide. Acetyl chloride reacts with 
potassium cyanide to give acetyl cyanide which on hydrolysis yields 
pyruvic acid. 

KCN H,0 

CHjGOCl —► GH 3 GOCN -► CH a CO.GOOH 

Acetyl chloride Acetyl cyanide Pyruvic acid 

8. Formyl Chloride, HCOG1. —Formyl chloride is said to 
exist only at low temperatures (153K). A mixture of caiiNMI 
monoxide and hydrogen chloride, however, behaves as if it w e re 
formyl chloride in certain reactions. 

9. Acetyl Chloride, GH a COGL —It is the most important 
acyl halide. 

Preparation. Acetyl chloriu: may be prepared by any of the 
general methods of preparation of acyl halides. It is, however, 
conveniently prepared by the action of phosphorus trichloride OD 
glacial acetic acid [Laboratory method). 

3CH.COOH+PC1.-►3CH b COC1+H b PO b 

ExpL 40 ml or glacial acetic acid are taken in a distillation fluft 
fitted with a dropping funnel and a water condenser carrying a dry receiver ami 
a guard lube (Fig. 25'1). About 25 ml of phosphorus trichloride are d rop ped 
gently from the dropping funnel keeping the flask cool. It is then gently heated 
on a water bath to above 320K. The temperature is then raised when acetyl 
chloride distils over at 325K. and is collected in the ice-coolcd receiver. 

Acetyl chloride so obtained is purified by redislillation. 



Fig. 25’1—Laboratory preparation of acetyl chloride. 


Pro p er ti es : (a) Physical. Acetyl chloride is a colourlm* 
pungent-smelling, volatile liquid (b.p. 325K ; Sp. Gr. l a 104) which 
fumes in moist air* 
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0) Q«nfc>l It k m typical add chloride and givw the 
general reactions of acyl chlorides. 

Haas. (*) For acetylation of alcohols and amines. 

(is) In organic synthesis. 

(sit) For the detection of alcoholic and amino groups in organic 
co mpo unds. 

ROD ANHYDRIDES 

10. Nomenclature.—The anhydrides of the monobasic 
organic acids may be regarded theoretically as being derived from 
two molecules of the acid by the removal of one molecule of water. 

—H.O RCO. 

HCO>° 


Rcoopr 

RCOfOH 


Two molecules Acid anhydride 

of an acid (General Formula) 

These are named as the anhydrides of the add radicals present, 
die trivial name of the acid being commonly used, e.g. f 


Formula 

Parent acid 

Common name 

CH.C 

CH,CO' / 

CH.COOH 

Acetic anhydride 

Acetic acid 

c,h,co n 

£H,C0/ 

C.H.COOH 

Propionic anhydride 

Propionic acid 


CJJ,CO v 

>0 

C,H,CCK 

C,H 7 COOH 

Butyric anhydride 

Butyric acid 


Formic anhydride i' unknown but mixed anhydrides like formic 
HC \ 

mcetic anhydride, are known. 

II- Acetic Anhydride, (CH 3 .G0) 9 .0.—It is a typical repre¬ 
sentative of the homologous series. 

Preparation. Acetic anhydride \s conveniently •prepared in the 
laboratory by distilling a mixture of anhydrous sodium acetate and 
ncetyl chloride . 

CH a GO|GT^“ I CH a CO 


+ 

CllgCOO 


Cl 

Va 


\ 


CH.CO^ 


O + NaCl (80%) 


Acetic anhydride 


Expt A small distillation flask is fitted with a dropping funnel and 
attached to a condenser and a receiver as shown in Fig. 25“ 1. The side-tube of 
the receiver is attached to a calcium chloride tube to arrest moisture. 50 g of 
powdered anhydrous sodium acetate are placed in the distillation flask and 
40 g of acetyl chloride are placed in the dropping funnel. Acetyl chlonae is 
•slowly dropped into the distillation flask kept cool under water. When whole 
of the acetyl chloride has been added, the contents are thoroughly shak en and 
distilled when acetic anhydride distils over between 410K and 413K, 

Manufacture. Acetic anhydride is prepared industrially : 

(t) By heating anhydrous sodium acetate with thiony I chloride, 
sulpkuryl chloride or pbmpkoryt Monde just enough to react with 
half of the sodium acetate. The inorganic chloride converts cue* 
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half of Ac sodium acetate into acetyl chloride which then react* 
with unchanged sodium acetate to give acetic anhydride. 

CH.COONa + SOC1, CH,COCl + SO, + NaQ 

Sodium Thionyl Acetyl 

acetate chloride chloride 

GH^COQ + CH s COONa -► (CH,G0),0 + NaCl 
Aootyi Unchanged Acetic 

chloride sod. acetate anhydride 

(it) By pairing chlorine in a mixture of sodium acetate and cut* 
pkur dichloride and distilling the mixture so obtained . 

8 GH I COONa+SCl 1 + 2 Cl i -» 4 (CH 3 CO) a O+ 6 NaCl+Na f SO l 

Sulphur Acetic 

dichloride anhydride 


(rii) By passing acetylene into glacial acetic acid containing some 
mercuric sulphate (catalyst). Ethylidcne acetate produced is distilled 
to get acetic anhydride. 

CH HgSO| CH, Heat CH, 

1 +2GH 3 GOOH-► | -► | 

GH Glacial CH (OOC.CH,), GHO 

Acetylene acetic acid Ethylidene acetate Acetaldehyde 

+(CH,C0) | 0 

Acetic anhydride 

(ttf) By passing krtene into glacial aevd. 


CH,=C=0 + CHgCOOH 

Ketene 


GHg.G—O .COGHg 
Acetic anhydride 


Ketene is obtained by pyrolysis of acetone at high temperature 
(970 1020K). 


CH 3 .CO.CH,- 

Acetone 


GH,~C—O + CH 4 

Ketene 


Anhydrides of higher fatty acids arc prepared by heating the 
acid with acetic anhydride followed by fractionation. More volatile 
acetic acid distils over first. 


2 RCOOH + (CH 3 CO),0-* (RC0),0+2CH,C00H 

Higher Acetic Anhydride 

Tatty acid anhydride of higher add 


Properties : (a) Physical. Acetic anhydride is a colourless 
liquid 0>.p. 412'5K) with a pungent smell resembling that of acetic 
acid. It is neutral when pure and is slightly soluble in water but 
readily dissolves in ether and benzene. Unlike acetyl chloride it 
does not fume in air. 

(6) Chemical. Like acetyl chloride! acetic anhydride reacts 
with hydroxy and amino compounds, though with leas vigour, 
forming their acetyl derivatives. One-half of the acetic anhydride 
molecule is used in acetylation while the other half is converted into 
Acetic add. Acetylation with acetic anhydride is best carried out in 
the presence of some sodium acetate or concentrated sulphuric add 
(Mtoityits). 
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(») Whk hy drwy euBpomb. The hydrogen atom of the 
hydroxyl group iB replaced by acetyl group (acetylation). 

HO |H + CH,CO .O|COCH, -► 2CH.COOH 
Water Acetic anhydride Acetic acid 

RO |H + CH,CO.O |COGH, -*■ RO.COCH, + CH.COOH 
Alcohol Acetic anhydride Acetyl deriv. of Acetic Bcid 

alcohol (ester) 

(it) With amino compounds. Here again acetylation occura 
arid hydrogen atom of the amino group is replaced by the acetyl 
group. 

CH 1 CQ/ O^COCH^ 4- H |NH a -► CHaCONH.+CHjCOOH 

A ccuc anhydride _Ammonia Acetamide 

(C t HJ 1 N|H+CH,CO.O |COCH,-»(C 1 H t )iN.COCH > -j-CH 1 COOH 
Diethylamme Acetic anhydride Acetyl deriv. of 

dicthylanune 

The mechanism of the reaction with ammonia is : 


*0 O 

^ ii m I + —h + 

CH,—C + • NH.J<P*[CH,—C—NH,] 

I I 

OCOCH, OCOCH, 


[CH,—C—NHJ ■ 
£OCOCH, 


O 

II 

CH,—C—NH,+CH^XDO 


(iti) With dry hydrogen chloride. Acetic anhydride reacts 
with dry hydrogen rhlonde to give acetyl chloride. 

CH a CQ iQ COCHa + H |C1 CH 3 COCl + CH a COOH 
Acetic anhydride Acetyl chloride Acetic acid 


(tV) With phosphorus pentachloride. Acetic anhydride 
reacts with phosphorus pentachloride to give acetyl chloride. 

(CH 3 CO) a O+PCl 6 -► 2CH 3 COCl+POGl a 

Uses. Acetic anhydride is largely used • 


(*) As an acetylating agent. 

(ii) For the detection of hydroxy and amino groups. 

(in) In the manufacture of dyes and acetate rayon from cellulose. 

(is) In the manufacture of aspirin and some other pharmaceu¬ 
ticals. 

ACID AMIDES 

12. Nomenclature. —These are compounds in which the 
hydroxyl group present in the carboxyl group of an acid has been 
replaced by the a min o group (—NH^. 
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R —£—OH 
Carboxylic add 


R—C—NH. 
Acid amide 


—<£-oh 

Carboxyl group 


—<£-nh» 

Amide group 


Their common names have been obtained by replacing the 
suffix -ic acid of the corresponding acid by amide. According to the 
IUPAC system, the final e of the parent alkane is replaced by 
amide. 

Formula Parent acid Common name Parent alkane IUPAC name 
HCONH, BCOOH Formamide Methane Methanamkfts 

Formic add 

CH.CONH, CHgCOOH Acetamide Ethane EthanamMa 


Parent acid 

Common name 

Parent alkane 

IUPAC name 

BCOOH 
Formic acid 

Formamidc 

Methane 

Methane mkta 

CHgCOOH 
Acetic acid 

Acetamide 

Ethane 

Ethanamkfte 

CgH*COOH 
Propionic acid 

Propiooamide 

Propane 

Propananride 

CgHjCOOH 
Butyric acid 

Butyramide 

Butane 

Butanamkle 


13. Formamide, HCONH,. —Formamidc is prepared by 
heating ammonium formate in an atmosphere of ammonia. 

HCOONH 4 -► HCONH. + H.O 

Am. formate 


HCONH. 

Formamide 


It is manufactured by the catalytic combination of ammonia 
and carbon monoxide under high pressure. 

CO + HNH,-► HCONH. 

Formamide 


Ammonia 


Formamide is a hygroscopic liquid readily soluble in water and 
alcohol. It is unstable and readily decomposes at its boiling point. 
In this respect it differs from other amides. 

HCONH.-* CO + NH. 

It is an ionising solvent and dissolves many organic com¬ 
pounds. 

In industry formamide is used as solvent, and as a plasticizer. 

14. Acetamide, Ethan amide, CH.CONH., 

Preparation : (i) By heating ammonium acetate. 

CH.COONH.-► CH.CONH.+H.O (p.-e*) 

Since ammonium acetate tends to dissociate on heating, the 
reaction is carried out in the presence of some free acetic acid which 
suppresses dissociation and hydrolysis of the salt. Acetamide is 
conveniently prepared in the laboratory by this method. 

CH,COONH 4 v* CH.COOH + NH, 

Expt. A mixture or ammonium acetate crystals and glacial acetic add 
(equal weights) is taken in a round-bottom flask fitted with a long upright air 
condenser and refluxed for about 4 hours. Partial dehydration of ammonium 
acetate occurs to give acetamide and the water vapours escape through the con¬ 
denser. The contents are transferred, while still hot, to a distillation flask and 
dlstittatod using an air condenser. Acetamide distils over above 4$7K and tbs 
distillate solidifies on cooling. It may be farther purified by lecrystalfizattae 
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ii) By the action of concentrated solution of ammonia on acetyl 
U 9 acetic anhydride or ethyl acetate (ester). 

3H.OOC1 + 2 NH a -*CH 5 CONH 1 + NH 4 CI (»*) 


CH.OOC1 + 2 NH a ^CH a CONH a + NH 4 CI (»*) 

Acetyl chloride Acetamide 

(CffiLCO),© + 2 NH a -*CH a CONH a +CH a COONH 4 (v.g.) 

Acetic anhydride Acetamide 

CH.COOC^ + NH a -►CHjCONH, + C a H a OH (v.g.) 

Ethyl acetate Acetamide 

(ui) By the partial hydrolysis of methyl cyanide effected by means 
of (a) alkaline hydrogen peroxide, or (b) by dissolving it in concen* 
rated sulphuric acid and pouring the solution in cold water. 

Aik. HiO, 

CH a C*N + H.O-► CH.CONH, 

or Hi SO 4 

The mechanism of the reaction can be represented as under : 

CH.-OF y OH H+ yOH -O 

| +OHf*CH a -C£ - **CH a -CC s^CH. -CC 

Nr ^NH X NH; 

The methods used for the preparation of acetamide are also 
the general methods used for thp preparation a other amides. 

Properties : (a) Physical. Acctamiu is a colourless crys¬ 
talline solid (m.p. 335K ; b.p. 495K). It is p.actically odourless 
when pure. It is readily soluble in water, alcohol and ether. 

(h) Chemical (i) Hydrolysis . Acetamide is hydrolysed slowly 
by Water, rapidly by acids and far more rapidly by alkalis. 

OHlH 

CHaCOlNH, + H,0 CH 3 COOH + NH* 

Mectanlsa of the Reaction 

(a) Basic hydrolysis of CH 9 CONH % ; 


►CH a CONH a + C a H a OH 

Acetamide 


HO + C—NH, 

CH, 

nucleophile OH' attached 
to electron deficient carbon 


O 

C I rv 

HO-C—NH, 


HO—C + NH,—► O—C + 1 

^H, ^H, 

\b) Acid hydrolysis ofCH t CONH, : 

O jfO r o' 

II +*- II + H,0 +U I rv+ 

c—NH.+ H ^C—NH, * H,0 — C—NH, 

la. ^H, dw, 

o o 

<0 H,0 -C + NH, -*• HO—C + Nit 

G81 CH, 
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(»•) Feebly Basic and Acidic Nature. The presence of acetyl 
group not only reduces the basic character of the amino group present 
But also makes the molecule feebly acidic. Acetamide is thus both 
feebly basic as well as acidic, tjg., it forms unstable salts with 
strong inorganic acids (feebly basic character ) and dissolves mercuric 
oxide to form covalent mercury compounds in which mercury is 
probably linked to the nitrogen (feebly acidic character). 

CH*CONHj -+ HCl-*-CH,CONH,.HGl 
2CH.CONH, + HgO-*-(CH,CONH) t Hg+H I 0 

When treated with sodium or sodamide in ethereal solution, 
the sodium salt [CH.,CONH]~Na + is formed. The structure of the 
sodium salt may be I or II. 


r o 

I 0 

CH,—C—NH 


1 


+ 

Na 


O 

I 

CH,—C=NH 


♦ 

Na 


L . J - o 

(in') Reduction. Acetamide is reduced by sodium and ethanol or 
Ltalytically to ethylamine. 

Na/C.HgOH 

CH 3 CONH,+ 4[H]-► CH a CH a NH a 4- H t O 

Acetamide Ethylamine 


(iv) Dehydration . Acetamide is dehydrated to methyl cyanide 
when heated with phosphorus pent oxide. 

P4O11 

GH a CONH a -► GH,GbN 

Acetamide —H a O Methyl cyanide 


(v) Action of Nitrous acid. When acetamide is treated with 
nitrous acid, nitrogen is evolved and acetic acid is formed. 


HO IN I O 

CH 3 CO|N| H a +HONO-► GH 3 COOH+N a +H t O 

Acetamide Nitrous acid Acetic acid 

(vi) Hofmann Reaction or Hofmann Degradation . On treating 
an amide with bromine and alkali, a primary amine is obtained and 
has one carbon atom less than the amide. For example, acetamide 
gives methylamine. The reaction is known as Hofmann reaction or 
Hofmann degradation. 

CH 3 CONH t +Br 2 +4KOH CH 3 NH,+2KBr+K 1 C0 a +2H 1 0 
Acetamide Melhylamine 

The mechanism of the reaction is explained as follows : 

it) CH|.C.NH i +Br 1 -^CH,C.N< + HBr 

A O Br ♦ KOH 

Acetamide Acetobromamide KBr+H a O 

(it) Acetobromamide has acidic properties owing to the presence of the 
carbonyl group and the bromine atom. With KOH, It forms a salt which is 
unstable and loses a molepule of KBr and then undergoes molecular rearrange¬ 
ment to give methyl isocyanate. It is an example of l v 2-shift 
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(Acidic io nature) (Unstable salt) 


T 7 \ 

0=C -rN : 


"*»***I2LU. o=C=N—CH, 


(II0 CH,.N-C-0+2KOH- 


Methyl isocyanate 
-►CH.NH. + K,CO b 


Methylamine 

This reaction is used in the Descent of series , t.e., for preparing 
m lower homologue from a higher one. 

15. Structure of Amides.—To explain the amphoteric 
character of amides, it is assumed that they exist in two isomeric 
forms as given below : 

O OH 

11 1 

R—G—NH, w* R—C=NH 

1 II 


Form I is constantly changing into form H and vice verso. 
Thus it ii a sort of dynamic isomerism caused by the wanderings 
of a labile hydrogen atom which oscillates like a pendulum between 
two polyvalent atoms—nitrogen and oxygen. 

Form I contains a beta group (C=0) and is termed beto form* 
Form II is called End form due to the presence of an enol group 
(C«=C—OH). EnoJa are compounds containing a double bond 
(C«C) as in alkenes and an OH group as in an alkanol. 

This type of dynamic isomerism caused by the wanderings of a 
labile hydrogen atom between two polyvalent atoms in the same molecule 
is termed Tautomeriam or keco~eaol tantomeriam. The isomers 
are called tautomers or desmotropic forme . The phenomenon is called 
Desmatropy . 

In the amides, the keto form behaves as a weak base. The 
enol form, which is capable of giving metallic derivatives, behaves 
as a weak acid. 


16. Atnidea of CSsrbonlc add.—G&rbonic acid is a dibasic 
acid and gives two amides, the mono- and diamide. These are known 
respectively as carbamic add and urea or carbamide. 


yOVL 

o-cc 

X)H 

Car bonk arid 


-NH t 


ccC 1 ™- 

n nh, 

UmorCutaaddi 

17. Carbamic Add, NH.COOH. -—The acid is unknown in 
free state, its salts and esters are, however, known. For 


o-c/ 

Ndh 

Carbamic arid 
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' («) Annodia carbamate. It it a white crystalline solid 
obtained when dry ammonia reacts with dry carbon dioxide. 
2NH|+CO a -► NHg.CO.ONH 4 

It is very soluble in water and gives ammonium carbonate on 
hydrolysis when the aqueous solution is warmed to 330K. 

(6) Uretham. Esters of carbamic acid are called urethans. 
The ethyl ester is called u re than. It may be prepared by treaing 
$thyl ckloroformate with ammonia. 

Cl.COOCLHg+NHg-^NHg.COOCgHa+HCI 
EthyJ chleroformate Ethyl carbamate 
(Urethan) 

Urethan is a crystalline solid (m„p. 323K) soluble in water, 
alcohol and ether. It reacts with ammonia to give urea. 

NH a CO[OC a H # + HlNH^NHgCO.NHg+CgHgOH 

Urethan Urea 

It is decomposed when warmed with aqueous sodium hydr¬ 
oxide. 

Hi ONa 

NH.CO 0C a H 5 +2Na0H-^NH 3 +Na a C0 3 +C B H 6 0H 
NaO H 


Urethan is a valuable hypnotic. 


18. Urea, Carbamide, NH 2 CO.NH 7 .—Urea is the diamide of 
carbonic acid and is important physiologically. It is the final decom¬ 
position product of proteins and occurs in the urine. Adults excrete 
about 30 grams of urea per day in the urine. Its historical 
importance lies in its being the first organic compound synthesised 
in the laboratory in 1828 by Wohler. 

Preparation. (1) From Urine. Urea can be extracted from 
urine by evaporating it to a small bulk and adding nitric acid to 
precipitate sparingly soluble urea nitrate, NHjCO.NHg.HNOj,. From 
this urea is liberated with barium carbonate. 
2C0(NH g ) B .HN0 a +BaC0,-*2C0(NH a )*+Ba(N0a) a +C0 1 +H 1 0 
Urea nitrate Urea 

(2) W oh ler’s Synthesis. By evaporating a solution, contain¬ 
ing potassium cyanate and ammonium sulphate, ammonium cyanate 
which is formed first, undergoes molecular rearrangement (isomeric 
change) to give urea. Urea can be extracted from the residue with 
tet absolute alcohol and crystallized. It can be recrystallized from 


water. 


NH4CNO 
Ammonium cyanate 


Molecular 

rearrangement 


NH 2 .GO.NH g 
Urea 


A mm onium tjrau»Hi on heating —— 

(3) Labo ratory Method. Urea may be prepared in the labora* 
toty by the action of ammonia on carbonyl chloride or alkyl carbonate. 

o-C< NH ’ +2HC1 (/.) 

SjGTpfflNH, \NH, 

Carbonyl chlorideT Urea 
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The constitution of urea as the diamide of carbonic acid followa 
from these syntheses. 

(4) Manufacture. Industrially urea may be prepared : 

( i ) By partial hydrolysis of cyanamide in feebly acidic solution. 
Cyanamide is obtained from calcium cyanamide manufactured by 
passing nitrogen through heated calcium carbide at 1075K. 

N. H.SO< H.0 

CaC, -►CaN.C^N-► H.N.CaiN-► HjN.CO.NH. 

Calcium Calcium Cyanamide Urea 

carbide cyanamide 

(it) By allowing liquid carbon dioxide and liquid ammonia to 
interact in an autoclave when ammonium carbamate is formed. This 
is heated to 400-450K under about 35 atmospheres pressure to get 
urea. The conversion is about 40 per cent. 

2 NH.+GO, NHj.GO.ONH 4 NH.CO.NH.+H.O 

Ammonium carbamate Urea 

Properties, (a) Physical. Urea is a colourless, odourless 
•olid (m.p. 405K) freely soluble in water and alcohol but insoluble 
in ether. 

(6) Chemical : (i) Basic Nature . An aqueous solution of urea 
is neutral but behaves as a very weak monoacid base. A con¬ 
centrated solution of urea reacts with strong nitric add or con¬ 
centrated solution of oxalic acid to give sparingly soluble urea 
nitrate, COfNHjVHNO. and urea oxalate, [CO(NH 1 ) 1 ]..H g C i O i 
respectively. 

(u) Biuret Reaction. On heating gently, urea loses a molecule 
of ammonia ^o give biuret . 

Heat 

NHjC O | NHj + H [NH.CO ,NH a -► NHjCO.NH.CO.NH, 

( Two molecules of Urea) —NH t Biuret 

When an aqueous solution of biuret is treated with sodium 
hydroxide solution and a drop of very dilute Copper sulphate solu¬ 
tion, a violet coloration is produced. The reaction is characteristic 
of all compounds containing —CO.NH— group. 

(si*) Action with Nitrous Acid. Urea reacts with nitrous acid 
with the liberation of nitrogen which, however, is not evolved quaxkti- 
tat j vely. The two amino groups of urea are replaced by two hydro¬ 
xyl group » to give carbonic add, H f CO, which further decomposes to 
give carbon dioxide and water. 

OiN f OH 

hJnI-CO— IN/Hj + 2 HNO $ —► H,CO, + 2N, + 2H f O 
HO N O Nitrous add Carbonic acid 
H a COj —► C0,+H,0 

(iv) Hydrolysis. On boiling with aqueous alkalis or acids or 
water under pressure, urea hydrolyses to give carbon dioxide and 
ammonia. 
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| NH. H* OH 
Urea 


—2NH, /OH 

-► O-CC —► COj+HjO 

x OH 

Carbonic qdd 


The enzyme ureate (present in soyabeans) brings about the 
same change. The reaction is rapid and quantitative and thus serves 
as a method for the estimation of urea. 

C0(NH i ),+ 2 H i 0-KNH 4 ) ? C0 s -*2NH,+C0 i -|-H,0 

Urea Ammonium 

carbonate 

( 0 ) Action of Alkaline Hypochlorite or Hypobromite. Nitrogen 
s evolved though not quantitatively, when urea is treated with 
excess alkaline hypochlorite or hypobromite (Br,+NaOH). 

Br,+2NaOH-* NaBr+NaBrO+I^O 

CO(NH a )*+3NaBrO + 2NaOH-~ N^NajCOj+SNaBr+SHjO 

Urea Sodium hypobromite 
( Alkaline ) 

Urea present in urine is roughly estimated by measuring the 
volume of nitrogen evolved. 

(ri) Acetylation. Urea reacts with acid chlorides and acid 
anhydrides to form ureidesy i.e., with acetyl chloride it gives acetyl* 
urea. 

CHjCO (cTVhJ 'VH.CO.NH,-*-CH 3 CO NH.CONH.+HCl 

\ cetyl chloride ‘ Urea Acetylurea 

(vit) Actif>n w%th Hydrazine. Urea reacts with hydrazine to pve 
s^micarbazide. 


NH..COI NH. ± HI NH.NH,-►NH l .CO.NH.NH, + NH, 

Urea Hydrazine Semicarbazlde 

(wit) Pyrvly&ie. When heated rapidly, ammonia is liberated 
and cyanic acid is produced which rapidly polymerises to cyanuric 
acid. 


Heai Polymerises 

COfNHJ,-* HOCN-► (HOCN), 

Urea —NH, Cyanic acid Cyanuric acid 

Uses, (i) As a fertiliser. 

(«) In the manulanure of formaldehyde-urea plastics ana 
various medicines, e.p., veronal. 

(m) In the manufaciutc of hydrazine. 

Testa. (0 On heating with sodium i 1 oxide solution, urea 
gives ammonia. 

(ii) With strong nitric acid or a concentrated solution of oxalic 
Add, a concentrated aqueous solution of urea gives white crystalline 
precipitate of urea nitrate or urea oxalate. 

(ftftt) On adding sodium nitrite solution and dilute hydrochlom 
acid to urea solution, nitrogen gas is evolved. 

(iv) Nitrogen is evolved by treating an aqueous solution of 
urea with sodium hypobromite solution (bromine water and caustic 
sida). 

TOC—11*1‘83-18 
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(p) Urea is also detected by 6*ure< reaction (see page 2'272). 

S tru c tur e. (») Molecular formula of urea is CON,H,. 

(•») Diamide formula. Its formation from carbonyl chloride 
and ammonia suggests that urea has a symmetrical diamide formula. 


>=c/ 


Cl + H NH, 


\p + H NH, 


/NH, 

O-CC + 2HC1 

X NH, 


In some respects urea actually behaves like a diamide. For 
exam ple, it gives ammonia on hydrolysis or pyrolysis. With nitrous 
acid nitrogen is liberated which indicates the presence of primarv 
amino groups. 

(iti) Chatiaway's Tautomeric structure. The diamide structure 
fails to explain the following facts about urea. 


[a) It forms stable salts with strong inorganic acids whereas 
amides do not form stable salts. 


( 6 ) It reacts with only one molecule of monobasic acid to form 
salts, e.g., CO(NH a ),.HCl. 


Chattaway explained this by assuming that urea occurs m 
tautomeric forms. 



Urea wo-urea 

(neutral amide ) (basic amidine) 


In the case of other amides, the amidine structure is not pass i 
ble. Further ami dines are much stiongcr bases than amides and it is 
the imide form which gives salts with acids. 


^NH HQ ^NH.HC3 

HO—CC -► HO—O' 

x NH f ^NH* 

iso-urea salt 


(it?) Werner 9 9 formula. To explain the ease with which urea 
loses ammonia to form cyanic acid, Werner suggested the following 
structure for urea : 


> NH, Heal 

HN=C< | —► NH, + HN=>C*=0 

N o 


Wcmer’i fonnula explained the addition of one molecule of 
hydrochloric add due to the presence of strongly basic imido group 
-NH. 

(v) At a Resonance hybrid. Crystal structure studies have 
Shown that in-solid urea both nitrogen atoms are identical as in the 
diamide formula. 



acid derivatives 


tm 


Bond length measurements have shown the C — N distance is 
urea to be 1*37 A which is intermediate between I*47A (for O—N in 

a l i ph a t ic amines) and 1'28 A for C=N. This shows that C—N bond 
in urea has some double bond character (about 28%). This can be 
explained by assuming uiea to be a resonance hybrid of the follow¬ 


ing structures : 

/NH, 

o=c< 

n nh. 


6-c/ r 


o—c 


/NH, 

^NH, 


In the hybrid molecule both the nitrogen atoms are identical. 
Thr negatively chaigrd oxygen is capable of coordinating with one 
proton (H + ). Urea will, therefore, behave as a monoacid base. The 
salt may be formulated as a resonance hybrid. 


HO—C< 


X NH, 
+ 

NH, 


HO=-C 


/ 

\ 


NH, 

NH, 


Dipole moment work also confirms that urea is a resonance 
hybrid. 

Estimation, (i) Hufnef’s Method. In a given solution urea 
is estimated by treating a known volume of the solution with excess 
of alkaline hvpobromitc solution (Br 2 +NaOH) and measuring the 
volume of nitrogen evolved in a nitrometer, 

CO(NH,),+3NaBrO -► N, 4- CO B -4-2H t O+3NaBr 
60 g 22 4 litres 

at NfP 


Expt A measured volume (ml, say) of urea solution is taken in a 
small test tube and placed m the bottle B containing excess of freshly prepared 



Fig. 25 2—Lunge’s nitrometer. 


Fig. 25-3—Ureameler. 




2*276 


ORGANIC CHEMISTRY 


■odium hypobromite solution (Fig. 25 2). The nitrometer couttminf ceuetic 
ucHMh w hit to n it adjusted and put in communication with the reaction Bask 
iS iiiniiM the tap T. On tilting the bottle B the reaction starts and nitrogen 
collects in the nitrometer while carbon dioxide is dissolved by caustic potash 
The volume of nitrogen collected is noted and reduced to NTP 
(-v ad, say). 

As indicated by the chemical equation, 22'4 litres or nitrogen at NTP 
li» obtained from 60 g of urea. From this the amount of urea present in 

€0 

* ml of the solution taken— ^ 400 ' xv * 

(‘0 Clinical Method. A rapid estimation of urra in urine 
is carried out in clinical laboratories in a ureameter shown in 
Fig. 25-3. 

Expt. The bigger tube T closed at upper end is filled with the freshly 
prepared hypobromite solution and urine is taken in the side tube. By opening 
the stopcock S, 1 ml of urine is introduced into T. Nitrogen evolved collects 

in T which is so graduated as to indicate directly the amount of urea present n 
x mi of urine or urea solution. 

(sis) Biochemical method. The hypobromite method of csii 
mating urea is not strictly accurate. In a more accurate method of 
urea estimation, urea is hydrolysed by the enzyme urease and the 
ammonia liberated is estimated volumetrically. 

Urease 

CO(NH,) f + H a O-► CO t + 2XH, 

Urea 


The apparatus used for the purpose is show n m Fig. 25 4. Test-tube a 
contains water. B contains 5 ml of urine, 5 g ol powdered soyabean and 



a little liquid paraffin (to prevent 
frothing). B is surrounded by hot 
water m the bath. C contains a 
known volume of some standard 
acid. 

The apparatus is allowed 
to stand for 15 minutes and then 
the aspirator is worked on the 
right. A current of air passes through 
it, B and C. In A water dissolves 
any ammonia coming with air. The 
ammonia evolved in tube B is awepi 
into the tube C by air coming from 
A. A part ol the standard acid in 
C is neutralized by this ammonia. 
After about an hour about 5 g 
potassium carbonate is added to B to 
Ammonia evolved is again 


Tig. 25 4—Biochemical method for 
estimation of urea, 
decompose any ammonium carbonate formed there 
passed into C as before. 


Finally, the acid left unused in C is estimated ^by back-titration against a 
standard alkali. Knowing the total acid taken and the volume of arid left unu*eo 
wc can calculate the volume of acid neutralized and the amount ot amrnuua 
needed for neuiralisaiion. From this we can calculate the amount of urea prcsvQi 
in 5 ml of urine taken using the relationship 


34 g of ammonia«s60 g of urea. 

19. Thiourea, Thiocarbamide, (NHJ*C$.—Thiourea may 
be prepared by heating ammonium thiocyanate at 443K for aotne 
time. 


NH.CNS-* (NHOaC^S 
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It Is a white crystalline solid (m.p. 453K) &irly soluble in 
water and alcohol. It behaves as a monoacid base. On heating with 
alkalis it is hydrolysed. 

NaOH 

S~C(NH,), + 2H.O-► CO, + H.S + 2NH, 

On oxidation with alkaline permanganate it yields urea. 

S=C(NH s ), + [O]-► 0=C(ftH,),+S 

Thiourea is used : (») In the manufacture of plastics which 
are more stable and better water-resistant than the corresponding 
plastics. 

(•i) To protect furs and clothing from insects. 

(iii) As a reagent in the estimation of cadmium and lead. 

20. Spectroscopic Analysis of Acid Derivatives.— 

Infrared Spectra. In the IR spectra of an acid derivative 
there is strong 0—0 sti etching absorption band with frequency 
depending upon the nature of the compound as shown below *. 

Compound Absorption band frequencies 

Acid chloride 1785-1815 cm -1 and 

C—Cl stretching band in the 
range 650-800 cm" 1 

Acid anhydride 1800-1840 cm" 1 ; 1740-1780 cm" 1 

In conjugated acid chlorides and 
anhydrides these bands occur at frequen¬ 
cies lower by 15-20 cm -1 . 

Amides 1650-1690 cm" 1 

They also show N—H stretching 
bands at 3100-3500 cm" 1 and also 
N—H bending bands-'-'1600 cm" 1 

Saturated esters 1740 cm" 1 

a, P-unsaturatcd esters 1715-1730 cm’ 1 

Esters and anhydrides also give strong G—O stretching bands 
in the region 1050-1300 cm” 1 . This helps us to distinguish these 
from ketones. 

NMR spectra. In the case of amides the protons of the 
—CONHj group absoib in the range x 2-5 (S 5-8) giving charac¬ 
teristic broad peaks. 

There are two kinds of protons in esters : (i) those of alkyl group 

O 

li 

—OR and (ti) those of acyl group R—C*^-. The former absorb 
more downfield t 5-5-65 (8 3’5-4’5) than the latter which absorb 
at t 7'5-8 (8 2-2 5). 

QUESTIONS 

A. Essay Type: 

I. (a) How would you prepare acetyl chloride in the laboratory 7 What 
happens when acetyl chloride reacts with: 
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(0 reducing agent, (tf) ethylmcthylamine, (/«/) sodium propionate, and 
ilv) isopropyl alcohol ? Mention its importance as a reagent. 

(6) A substance of the formula C 4 Hj*0 4 yields on acetylation with acetic 
anhydride a derivative of the formula CuHibCV How many hydroxyl groups 
are present in the substance ? What is its probable structure ? 

2 . (o) How is urea manufactured 7 What is the action of (0 nitrous 
acid, (Iv> alkaline hypobromite on urea ? 

(6) What is the difference in reactivity of the chlorine atom present tu 
acetyl chloride and in chloroacetic acid ? (Delhi B.Sc. 1972) 

3. Why is urea called carbamide 7 How is urea prepared ? What are 
Its duuacteristic reactions 7 Discuss its constitution. What are its important 

4. How is urea manufactured ? Describe the action of (a) heat, (6i 
nitrous add, and (c) makmic ester on urea. 

0*4 g or a sample of impure urea on treatment with alkaline sodium 
hypobromite gave 112 0 ml of nitrogen at NTP. Calculate the punty of the 
given samples of urea. (Delhi B.Sc. 1971 ; 

5. (a) What is the natural source or urea ? How is urea synthesized ? 
What arc its important uses ? 

(b) Explain what happens when urea is— 

(«) healed alone, (if) hrated with hydrazine, (»t») treated with alkaline 
hypobromite solution, (tv) treated with malomc esirr, (v) treated with ice-cold 
nitrous add. (Delhi B.Sc. 197S) 


B. Short Answer Type : 


1. Name the following compounds : 

(0 CJI7COCI; 

(Hi) CHt-C-O ; 

(r) NH.COOH ; 

(vii) (NH.).C«S; 

(ix) NH.CONH.CONH, ; 

2. What is the action of (i) heat, (/i) sodium hypochlorite, (iii) nitrous 

add and (iv) malonic ester on urea 7 (Delhi B.Sc . 1976) 

3. Give the mechanism of Hofmann hypobromite reaction. 

(Delhi B.Sc . Hoi u. Sub . 1976) 


W0 (C f HrfCO)|0 ; 

(iv) CH a CONH, ; 

W0 (NH^C-O ; 
(vjiT) NH.COOC.Hj; 
(x) NH.CONH.NH,. 


4. Explain briefly why acetyl chloride is a stronger acetylating agent 

than acetic acid. (Delhi B.Sc. Hons. 1977) 

5. Why acetyl chloride is a better acetylating agent than acetic 

anhydride ? Explain, giving reasons. ( Delhi B.Sc. Hons . 1976) 

6. How is acetic anhydride obtained ? 

7. Give reason* why acetamide is very slowly hydrolysed with water but 

rapidly in the presence of an acid or an alkali. ( Punjab B Sc. J975 Supp.) 

8. Explain why Amides (RCONH.) are much weaker bases (rather 

somewhat acidic) than amines. (G.N.D. B.Sc. 1976 Supp.' 

9. Explain why Sj^ reaction takes place much leadily at an acyl carbon 

than an alkyl carbon. (G.N.D, B.Sc . 2976) 

10. Give the probable mechanism of the alkaline hydrolysis of an ester. 

[Punjab B Sc. 1976 Supp.) 

It Complete the equation given below, mentioning the name or the reac¬ 
tion concerned. 

OH- 

CH.CONH,- ■* (Punjab B.Sc. 1976 Supp., 

12. What ii Hofmann's degradation 7 (Madurai B.Sc. 1978, 77) 
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13. How will you distinguish between acetamide and urea ? 

(Kanpur B.Sc. 1979) 

14. How will you show that acetamide possesses an amide group 7 

(Kanpur B.Sc. 1977 ) 

15. Write a note on Biuret reaction. (Madras B.Sc, 1978) 

16. Explain why urethane is prepared by the reaction of isocyanate and 

ahsolu tc CLhyl alcohol. * I Delhi B 5c. 1978) 

C. Problems : 

1. An organic compound A (C 4 H,NO) on treatment with bromine and 
alkali forms another compound B (C»H,N). On treatment with sodium nitrite 
and dilute hydrochloric acid, B yields C (C,H,0). C can be oxidised to D 
fCaH c O) which can also be synthesised from methyl acetylene. 

Identify the compounds A to D and write the reactions involved. 

(Delhi B.Sc. 1976 Supp.) 

2. A while solid containing C, H, N, and O was found to give the follow¬ 
ing results on analysis : 

C~40'6% ; H»B‘5% ; N-23‘7%. 

The vapour density or the substance was found to be 29*5. On heating 
the substance with alkali, ammonia was evolved. Suggest the probable structure 
of the compound. 

3. With bromine and caustic potash the straight chain compound 
C 4 H»ON (A) gives C 3 H,N (B), with caustic soda, C|H 7 0 B Na (C) and with 
phosphorus pentaoxide, C 4 H 7 N (D). 

With hydrochloric acid D gives C 4 HaOa (E) of which C is the sodium 
salt. B may be convened to an alcohol F and thence to a halide, the Grigoard 
reagent from which reacts with carbon dioxide to give E. On oxidation F givei 
successively C a H t O (G) and CjHiO, (H). 

Identify the compounds A to H. 

4. 0*1011 g of the compound gave O' 1508 g CO a and 0'0771 g H*Q. By 
the Kjeldahl’s method 0'708 g of the compound required 12 cm*ofN-H 1 |SO l 
for neutralization of ammonia. The original compound when boiled with NaOH 
evolved NH, and the dry residue when heated with soda lime gave a hydro- 
:arbon containing 75% carbon. Deduce the formula of the compound. 


ANSWERS 


A. (b) Four : CH.OH.CHOH CHOH.CH.OH 
Br a 4- 

C. 1. (CH a ) a CHCONH,-* (CH a ) a CHNHf s 

Isobutyramide alkali Isopropylammc 

(A) (B) 

NaNO, O 

-* (CHJjCHOH-► CH a v.OCH 4 

4 HCI Isopropyl Acetone 

alcohol (C) (D) 

H|0 

CH 3 .C=CH-► CH.COCHa 

H%Hg“ ID) 


2 . 

3 


4. 


✓° 

CH,C—NH,. 

Acetamide 

A is CH„.CH..CH.CONH! 

B is CH a .CH*.CH|NH| 

C is CHa.CHi.CHa.nOONa, 
D is CHf.CHt.CHa.CMN 
E is CH,.CHi CH,COOH 
F is CH».CH,.CH,OH 
G is CHa.CHa.CHO 
H is CH*.CH|.COOH. 
CHaCONHa 


( Butanamide ) 

(tt-P ropy famine) 
(Sodium butyrate) 
(n-Propyi cyanide) 
(n -Butyric acid) 
(1-Propanol) 
(Propanol) 

(Propionic acid) 

' Acetamide) 


«- 75%. 
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Esters, Oils and Fats 


1. Esters and Esterification .—An eMer is produced when an 
alcohol reacts with an acid y organic or inorganic. For example, ethyl 
acetate is the ester produced when ethyl alcohol reacts with acetir 
acid. _ 

CHtCOI OH+H loc^I. CH :i C00C t H s +H 1 0 

Acetic acid Ethyl Fthyl acetate 

alcohol {Ester) 

Ester.s have characteristic fruity odour, e.g„ amyl acetate hai 
an odour somewhat resembling that of bananas and amyl butyrate 
like that of apricot. Afethyl butyraie has a fragrant smell thai 
resembles pineapples. In fact presence of small quantities of th<s 
ester in ripe pineapples is rcspoijsiblr for its characteristic flavour and 
odour. Esters find use as artificial essence for flavouring and perfum¬ 
ing syrups, sweets and pastry. 

The process of formation of ester that is not unlike neutralization 
is called Esterification. It is a reversible reaction and a dehydrating 
agent like sulphuric acid is used to absorb the water that is produced 
m the reaction above, thereby driving it towards tfie right. 

During esterification, the —OH group of the acid is eliminated 
with II-atom of the alcohol as a molecule of water [see reaction be 
tween acetic acid and ethyl alcohol given above). With mineral 
acids such as hydrochlonc acid (HC1), the reverse is the ease. 

CjHJOH-^HIcI C-HjCl + H,0 

Ethanol Hydrochloric Ethyl chloride 

{Alcohol) acid ( Ester) 

{Mineral acid) 

During neutralization, it is always the hydrogen of the acid 
that is eliminated with —OH group of the base as given below : 

CH,COO[T T + HO Na —► CH.COONa + H„0 

Acetic acid hod. hydroxide Sodium acetate 

{Acid) {Base) {Salt) 

Just as salts are metallic derivatives of acids, esteis may be 
regarded as alkyl derivatives of acids obtained by replacing one or 
all the replaceable hydrogen atoms of the acid by alkyl groups. 
Nomenclature of esters is also similar to that for salts, the name ot 
the metal radical in a salt is replaced by the name of the alkyl group 
present in the ester. 
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Acid Corresponding suit 

CHiCOOH CHiCOONa 

Acetic acid Sodium acetate 

C,H»COOH CaHgCOOK 

Propionic add Potassium propionate 

H,SO« KHSO, 

Sulphuric add Potassium hydrogen 

sulphate 

H|S0 4 Na*S0 4 

Sulphuric acid Sodium sulphate 

2. Distincti on between Esters and Salts.— Esterification, 
«ve have seen, is analogous to neutralisation or salt formation. Esters 
are, therefore, regarded analogous to salts. This similarity between 
the two is. however, only superficial and they differ from one another 
in certain essential »expects. The chief points of difference between 
«hrm aie summarized below : 


Corresponding ester 
CH a COOC t H, 
Ethyl acetate 
CtfUCOOCH. 
Methyl propionate 

c,h k hso 4 

Ethyl hydrogen 
sulphate 
(CH,),S0 4 
Methyl sulphate 


Esters 


(0 Esters are covalent compounds 
only sparingly soluble in water 
and do not ionize, 
i/i) Esierifictfiion is a non-ionic re- 
achon which proceeds slowly, 
(jii) They arc readily h>drolyscd to 

f ive the parent acid and alcohol. 

sters are usually volatile, plea¬ 
sant-smelling liquids. 

(p) Esters are neutral towards 
litmus. 


Salta 


CO Salts are electrovalrnt compo¬ 
unds which are generally soluble 
in water and ionize in solution. 

(0) Salt formation is ionic and pro¬ 
ceeds instantaneously. 

( Hi) Only salts of weak acids or 
bases undergo hydrolysis. 

(iV) Salts are generally non-volatile, 
odourless solids. 

(r) Salts may be neutral, acidic or 
basic towards litmus due to 
hydrolysis._ 


3. General Methods of Preparation of Ester*. 

(1) By refluxing the acid with alcohol in the presence of email 
amounts of mineral acids as catalysts, e.g,, 5-10% concentrated sulphuric 
acid 


_ h,so 4 

RCO|OH_ +_H'or' ^ RCOOR' + H.O (r.tf.) 

Mechanism of the reaction is as follows : 


O 

II 

C!H,-C 

I 

OH 


c o Ha 


H+ 

fast V. || 

^ CH 3 -C 


OH 


OH 


—H.O 
fast 


-VEt OH 
slow 

r* 


OH 

I ♦ 

CH 3 —C—OEt 

I I 

OH H 


fast 


CHa-C—OEt ** CH S —C-OEt 


-H; 

fast 

T ® 4 


CH, 


—OEt 


<?:OH 


+ OH 


Ra e-determining step for esterification is addition of alcohol. 
Alternatively, dry hydrogen chloride is passed into the acid 
alcohol mixture till there is 3% increase in weight and the mixture is 
refluxed. 
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Esterification may also be brought about by passing a mixture 
oi the vapours of an acid and an alcohol over a metallic oxide cata 
lyst (Thoria, ThO s ) at 575 K. 

(2) By refluxing silver salt of an acid with an alkyl halide in 
ethanolic solution . 

CH a COO| Ag + I C a H 5 -» CHaCOOCy^ + Agl (v.g.-ez.) 

Silver Ethyl Ethyl acetate 

acetate iodide (Ester) 

This method is very useful in cases where direct esterification it 
difficult, e.g., tertiary alcohols. 

(3) By Hit action of an acid chloride or acid anhydride on an 
alcoFtol. 

CH,CO |C1 + ~H |OC 2 H t -> CH 3 COOC 2 H s +HC1 fag.-**.) 

Acetyl chloride Ethanol Ethvl acetate 

(RC0)*0 + R'OH RCOOR' + RCOOH (v.g.-ez^ 

Acid anhydride An alcohol Ester 

The reaction with tertiary alcohols is very slow. With acid 
anhydrides there is tendency for dehydration of alcohol to olefin 
With acid chlorides tertiary chlorides are also formed. 

(4) Methyl esters can very conveniently be obtained by treating 
an acid with an ethereal solution of diazomelhane . 

RCOOH + CH a N s -► RCOOCH a + N t («w.) 

Acid Diazoroethanc Ester 

(5) Ester may also be obtained by condensation of aldehydes in 
presence of aluminium ethoxidc (Tischenko reaction). 


Hj h 

I i Al(or,H.). I 

H,C—C-(- O =C—CH,-►HgC—C— O —C—CH, 

U I U I 

OH OH 

Acetaldehyde (Two molecules) Ethyl acetate 

4. General Properties of Esters.— 

(a) Physical : (i) Esters are colourless neutral liquids or solids 
with characteristic pleasant odours. 


(it) Boiling points of methyl and ethyl esters are lower than 
those of corresponding acids. Straight-chain esters have higher boil¬ 
ing points than their branched-chain isomers. 

(m) Esters with low molecular weight are fairly soluble ;n 
water. The solubility decreases as the molecular weight increases. 
All esters are soluble in most of the organic solvents. Many of them 
are good solvents for other substances. 


(6) Chemical : (i) Hydrolysis . Esters are hydrolysed by acids 
or alkalis, to form alcohols and acids or their sodium salts. Fo 
example,'ethyl acetate is hydrolysed a* under r 
__ Acid 

CH,CO| OC,H, + H |OH —► CH,COOH + C,H,OH 
Ethyl acetate_ Acetic acid Ethanol 

CH,CO 100 ,11, -+H |ONa—» CH.COONa + C„H 5 OH 
Ethyl acetate Sodium acetate Ethanol 
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The hydrolysis of carboxylic esters may be represented in 
two ways : 

O O 

H Ck n ir\ 

CH„—G—OEt CH 3 “C—O—Et 

acyl-oxygen heterolysis alkyl-oxygen heterolysis 

It has been found that alkaline hydrolysis proceeds with acyl* 
oxygen heterolysis and is a bimolecular reaction. 

For example basic hydrolysis of ethyl acetate is formulated 
as under : 




tfoA C — OE* 


r\ 

HO — C—OEt 


o 


o 

II 

fast 

_ ii 

HO—C -+ OEt 

| 


O—C + EtOH 

proton 

| 

CH, 

exchange 

CH, 


On the other hand acid hydrolysis proceeds with alkyl-ox* gen 
heterolysis. This is also a bimo!ecular reaction and is formulated 
as under : 


0 

II +//* 

ch 3 —c ==± 

3 I FAST 

OEt 


fOH 

CH,-f OS>L 


OH 
I + 

CH 3 — c — oh 2 


CH- — C—OH 

V+i 


-EWH 


CH—l—OH: 


+ u 

-It II 

=±CH<—C 


—OH 


H 

Rate determining step for acid hydrolysis is the addition of 
water. 

During alkaline hydrolysis of an ester, sodium or potassium 
salt of the acid is obtained, tiince alkali salts of the higher fatty acids 
are soaps, alkaline hydrolysis of an ester is bioivn as Saponification. 
Saponification is more rapid than acid hydrolysis. 

(u) Reaction with Ammonia . Esters react with ammonia on 
heating to form amides. This reaction is an example of ammonolysii 
(splitting by ammonia). 

CH,CO|OG,H, T H| NH, -> CHjCONH, + C.H.OH 
Ethyl acetate Acetamide 

(ttt) Reaction with Phosphorus pentachloridc. Phosphorus penta- 
chloride reacts with esters to produce add chloride v and alkyl chlo- 
ndes. 
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C! | PC1JCI 

CH a C0|-0-~|C 4 H 6 + PCI* -► CHjCOCl + C 2 H ft Cl +POC1, 

Ethyl acetate Acetyl chloride Ethyl chloride 

(tv) Seduction. Reduction of an ester by means of excess o/ 
sxuum and ethanol gives alcohols. 

C,H»OH/Na 

CH*COOC a H fi + 4 [HI- ►GHjjOHjOH + C a H a OH 

Ethyl acetate Ethanol Ethanol 

C*H,OH/Na 

RCOOR' + 4|H]-*RCH 3 OH + ROH (g.) 

Yield of RCH.OH increases as thr weight of alkyl radical R' 
increases in the molecule of ester taken. 

Other reducing agents used arc : (e) lithium-aluminium hy¬ 
dride and (i7) h>cirogen under pressure (100-300 atmospheres) in 
presence of copper chi ornate (catalyst) at 570K. 

(v) Alcoholysis (splitting by alcohol ). Whrn an ester is refluxed 
*%ilh a large excess ol' alcohol in prrsence of a little ack 1 or sodium 
jdkoxide (catalyst), the alcohol residue present is replaced by another 
a Jowrr onr'I. 

C,H,ONa 

CH 3 COOC 4 H*+C 2 H B OII CH 3 COOC 2 H 5 + C t H,OH 

Butyl acetate Ethyl acetate 

(vt) Acidolysis (splitting by acid). In acidolysis the acid residue 
present is replaced by another acid residue. 

CH 3 COOC a H fi +C 4 H*COOH w* C 4 H 2 COOC 2 H 5 + CH 3 COOH 

Ethyl acetate Valeric acid Ethyl valerate Acetic acid 

5. Uses of Esters.—Esters are used : (?) As solvents for 
cellulose, oils, gums, resins, etc,, and as plasticisers. 

(«) In making artificial flavours and essences. 

SOME INDIVIDUAL MEMBERS 

6, Ethyl Acetate, CH 3 COOC 2 H 5 .— It can be prepared by 
any one of the general methods for preparation of esters. It is, 
however, prepared in the laboratory by heating ethanol icith glacial 
acetic acid in the presence of concentrated sulphuric acid or dry hydrogen 
•Jtkride gas. 

CHtCO' UH H| OC g H B w* CHaCOOCjH'+H t O 

The acid acts as a protonating agent and serves to remove 
water as soon as it is formed and thus enables the reversible reaction 
to proceed to completion. 

Expt. A distillation flask is fitted with a dropping funnel and a 

thermometer. It is connected to the condenser and a receiver as shown in 

Fig. 26*1. In the distillation flask are taken 50 ml or absolute alcohol with 

an equal volume of concentrated sulphuric acid. A mixture of 50 ml of 

absolute alcohol with an equal volume of glacial acetic add Is taken in the 
dropping funneL The flask is beared to 415K in an oil bath and the mixture iq 
r he funnel is run hi at the same rate at which the liquid distils over. The distillate 
consists of ethyl acetate contaminated with acetic acid, alcohol, water, a little c* 
ether and sulphurous acid. 
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It is shaken with moderately strong sodium carbonate solution to remove 
acida. The upper oily layer of the ester is treated with a concentrated solution 
of sodium chloride or calcium chloride to remove the alcohol. It is now dried 
over fheed calcium chloride and distilled, Ester distils over between 348-352K. 

ABSOLUTE ALCOHOL (50ml) 

?l\GLAOAL ACETIC ACID (50ml) 



Fig. 26' 1—Preparation of ethyl acetate. 


Properties. Ethyl acetate is a colourless neutral liquid (b.p 
S^O'SK ; Sp. Gr. 0*91) with a characteristic fruity odour. It is 
slightly soluble in water but completely miscible with alcohol and 

ether. 

Chemically it is a typical ester and gives all the reactions dis 
cussed under general properties oT eslers. 

Uses, Ethyl acetate is largely used as a solvent. 

7. Ethyl Orthoformatfc, H.G(OC 8 HJ 3 . —Ortho-esteis have 
the general formula R.C(OR') 3 derived from the ortho-aocs 
R.C(OH) a . Ortho-acids have not yet been isolated but are possibly 
present in aqueous solution. 

✓° 

‘ -OH + H a O ** R—C(OH) a 

On ho acid 

Ethyl orthoformate is an -important ortho-ester. It can i e 
prepared by running ethanol and chloroform into sodium covered with 

sifter. 

2CHC1, + GC a H 5 OH + 6Na -e 2H.G(OCoH 6 ) 3 + GNaCl + ?H C 

Ethyl orthoformate 

Ethyl orthoformate reacts with ketones to give krtals. 

R v R v 

yC=0 +■ H.C(OC a H s ) 3 -► '>C(OC a H,),+HCOOC I H, (? ' 

K' R' 

It-is used for preparing aldehydes by means of Griguard s 
reagent. 
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8. Ethyl Hydrogen Sulphate, G,H,H80 ( . 

Preparation, (t) Ethyl hydrogen sulphate is prepared by 
heating-ethanol with an equal volume of concentrated sulphuric acid 
on a water-bath for about an hour. 

C,H 6 OH + h 2 so 4 w* c«h 5 .hso 4 + H f O 

Ethanol Ethyl hydrogen 

sulphate 

The reaction mixture is treated with sufficient barium carbonate. Excess 
of the sulphuric acid is precipitated as banum sulphate and is filtered off. 
Banmr 'alt of ethyl hydrogen sulphate left in the filtrate is decomposed with 
.alcula ed quantity of dilute sulphuric acid and filtered. Ethyl alcohol and 
water nr-sent are removed by distillation under reduced pressure when ethyl 
hydropic 'ulphaie is obtained as a syrupy liquid. 

(it) By a^soibing cthvlene (from cracked petroleum) in concen¬ 
trated sulphuric arid at 350-355K under pressure, ethyl hydrogen 
sulphate anti ethyl sulpliatc arc both obtained. 

C 2 H 4 + h 2 so 4 -► c z h*.hso 4 

Ethyl hydrogen 
sulphate 

C a H 5 .HS0 4 + C 2 H 4 ► (C 2 H 6 ) 2 S0 4 

Ethyl sulphate 

Properties. Ethyl hydrogen sulphate is an oily liquid, sour 
in taste and having an acid reaction, e.g it decomposes carbonate. 
It is readily decomposed b> boiling water, alcohol or concentrated 
sulphuric acid as given below : 

Hydrolysis 

C^HJ HSO, +H [OH CjH s OH + H.SO, 

1 Ethanol 

4J0K 

CjH, |HS0 4 + H |QC,H,-► C ]1 H i .0.C i H l +H i S0 4 

Ethyl hydrogen Ethanol Diethyl ether 

sulphate {excess) 

430K 

c,h 6 .hso 4 -► CL H 4 + h*so 4 

H,S0 4 Ethylene 
(excess) 

When heated alone it stives diethyl sulphate, 

2 C s H 5 HSO« —► (C,H 6 ),S0 4 +H 1 S0 i 

9. Methyl Sulphate, (CH,)jS 0 4 .—This may be prepared : 

<i) By hulling methyl iodide with silver sulphate. 

2CH,I+Ar*S0 4 —► (CH 1 ) i SO,+2A*I 

(it) By distilling under reduced pressure methyl hydrogen sulphate 
ts oblai Md by heating methanol with concentrated sulphuric acid. 

CHgOH+H a S0 4 -► CH 4 HS0 4 +H t O 

2CH,HS0 4 —*• (CH,),S0 4 +H i S0 4 
(tit) By the action of sulphur trioxide on methanol at low tern 
peratures. 

2CH,OH+2SO a —► (CH s ) t S0 4 +H s S0 4 

The last two methods are used for the industrial preparation 
methyl sulphate. 



EST ERS 


2*287 


It is a colourless syrupy liquid (b.p. 46IK) immiscible with 
water and poisonous in nature. It is used in the laboratory for the 
introduction of methyl radical in alcohols, phenols, and amines, e^., 
CH 3 0H+(CR 3 ; 2 S0 4 —► CH 3 .O.CH 8 + CH a HS0 4 

Methanol Dimethyl ether 

CH 3 NH 2 +(CH 3 ) a S0 4 -► CH 3 NHCH 3 + GHjHSO! 

Methylamine Dimethylamine 

10. Ethyl Nitrate, CgH 6 ONO a . —This may be prepared : 

(a) By heating ethyl iodide, with silver nitrate in ethanol solution. 

C a Hj l~ + Agl XOg-► C a H 5 .O.NO a +AgI 

(ii) By the action of nitric acid on alcohol in the presence of urea . 

C 2 H 6 Q| H~4-~HO [NO a -► G a H 6 .O.N0 1 +H a O 

Presence of urea removes any nitrous acid formed and thus 
prevents the violent oxidation of alcohol by nitric acid which occurs 
m the presence of nitrous acid. 

Ethyl nitrate is a colourless, pleasant-smelling liquid (b.p 
633’5K). It is hea\ier than water and immiscible with it. When 
reduced with tin and hydrochloric acid, it produces ethanol and 
hydroxylamine, NH 2 OH. 

C 2 H b ONQ 2 +6[H]-►C 2 H B OH+NH*OH+H a O 

VVhen boiled with water, it is hydrolysed to form ethyl alcohol 
and nitric acid. 

GnH 6 0N0 2 ^H0H-►C 2 H b OH + HONO g 

Ethyl nitrate Ethanol 

11. Esters of Nitrous Acid. — Nitrous acid exhibits tauto- 
mciism and occurs in two tautomenc forms as given below : 

y° 

H—O—N = O ^ H— 

(Trivalent nitrogen) (Pentavaleni nitrogen) 

Here tautomerism or dymeric isomerism (see page 1'176) if 
caused by the wanderings of a hydrogen atom between the polyvalent 
atoms, oxygen and nitrogen . 

Corresponding to the isomeric forms of nitrous acid, we have 
two series of isomeric alkyl derivatives of nitrous acid, vis., alkyl 
nitrites and nitropartiffins 


H-O—N T =0 

1 

w 1 

H — N\ 

1 ° 

0 

.11 

w: 

i 


iyO 

R--N' 




Alkyl nitrite 


Nitroparaffin 


To the Students. For some examples of tautomerism, see 

H-CsiN w H—Nr*C {Page 1176) 

Hydrocyanic add Isohydrocyanic acid 
v O y OH 

R—CH.~N^ *R—CH*»N^ {Page 1-171) 

Isonitroalkane 


Nitroalkane 
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12. Alkyl Nitrites, R.O.N.O. — The only important nitrites 
are ethyl and amyl nitrites. These are prepared by adding concen¬ 
trated hydrochloric acid or sulphuric acid to aqueous sodium nitrite 
and the corresponding alcohol, t.g 

C a Hn O|H + H Qj N = O -► C 2 H,ON =0 + H*0 
Ethanol Ethyl nitrite 

C,H u O jH3 HO iN-O C s H u .0.N«0 + H s O (75-fi5%) 

Amyl alcohol Amyl nitrite 

Ethyl nitrite (b.p. 290K) and amyl nitritr (b.p. 3hBK) are 
colourless, pleasant-smelling liquids. Wher treated with boiliuu; 
wattr or dilute alkali, the esters are easily hydrolysed. 

C a H 5 ONO + NaOH -► C,H B OH + NaNO s 
On reduction they yield hydroxy lamine and alrohols. 

C.H 6 0-N-0^4[H] -V C 2 H 5 OH + XH 2 OH 

Ethyl nitrite Ethanol Hydroxylamme 

Ethyl and amyl nitrites are used in medicine and as a means 
of preparing nitrous acid in anhydrous media, e.q., by passing drv 
hydrogen chloride through an alcoholic solution of aiml nitrite, we 
get an alcoholic solution of nitrous acid. 

13. Nitroalkanes or Nitroparaffins.— The nitroparaffim 

are named as the nitro derivatives of the corresponding paraffins, e.q. t 

CH,NO a (nitromethane) NO, 

C^KfcNOj (nitroethane) CHj.(1h.CH 3 (2-niiropropane) 

Nit roalka lies are termed primary, secondary and tertiary 
depending upon the natui e of carbon atom (primary, secondary or 
tertiary) with" which intro group is attached. 

RCHjN 0 2 R z CHNO a R,CNO t 

Primary Secondary Ternary 

Preparation, (t) By heating an alkyl halide with silver nitrite 
in aqueous cthanolic solution. 

y° 

RX + AgONO— R~N' -fAgX 

Alkyl Silver ' * O 

halide nitrite NitroparafTin 

The yield is good for lower nitroparaffins. Some alkyl nitrite 
is also obtained and irs proportion increases with the length of the 
carbon chain. The mixture can, however, lie readily separated bv 
fractional distillation since an alkyl nitritr ha* a much lower boiling 
point than the isomeric nitro paraffin. For example, boiling point of 
ethyl nitrite is 290K while nitroethane boils at 3tt8K. 

[ii) By boiling an aqueous solution of sodium nitrite with a 
tialogenocarbo.rytic acid. Nitro-acid first formed readily loses car bo i 
dioxide to yield the nitroparaffin. 

NaNO, —CO, 

CH 2 Cl.COOH-* CH 2 (ND 2 )COOH-» CH B .NO B r35-3 , 

Cbloroacetic acid Niiroacetic acid 

K iii) By direct nitration of paraffins. 

K| H + HO/ NOi->RNO.+ H.O 
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The paraffin is heated with nitric acid (or with oxide of nitro¬ 
gen) at 425-750K, each paraffin has its own optimum temperature 
[vapour phase nitration). 

(tv) By hydrolysis of a-Nitro-olefins. A recent method for the 
preparation of nitro-paraffins is the hydrolysis of a-mtro-olefms with 
water, acid or alkali. 

(CH ? ) aG=sGH .NO t +H*0-* (CH a ) l C0+CH,N0 1 

2-methyl-l-nitro- Acetone Nitro- 

1-propenc methane 

P ro pe r t i es : Physical. Nitroparaffins are colourless (when 
pure), pleasant-smelling liquids sparingly soluble in water. Most 
of them can be distilled without decomposition under atmospheric 
pressure. 

Chemical. (») Reduction. Nitroparaffins, when reduced in 
acid solution, yield primary amines. Lithium aluminium hydride 
also gives these products. 

metal/acid 

RNO z + 6[H]-► RNH, + 2H.O 

Nitroparaffin Primary 

amine 

Catalytic reduction also produces primary amines. Yield with 
Raney nickel (catalyst) is 90-100%. Reduction in neutral solution 
(with zinc dust and ammonium chloride) yields hydroxylamine 
derivative. 


Zn/NH|C1 

RNO,+4[H]-* R.NHOH + 

Hydroxylamine 

derivative 


H.O 


(it) Pseudo-acid Character . Primary and secondary nitro-com* 
pounds (those containing a-hydrogen atoms) exhibit tauto merism as 
given below : 


R—CH a - 


-N< 


O 


R—CH=N 




OH 

‘O 


Pseudo-acid form Acidottn or Nitrontc acid 

The nitronic acids do not dissolve in aqueous sodium carbonate 
but are soluble in sodium hydroxide solution. 




R.CH e — N-r ** R.CH—N 




OH NaOH 


►R.CH«N 


/ 


ONa 


The 


'O *0 *0 

Nitroparaffin Isonitroparaffin Sodium salt 

Thus, sodium hydroxide shifts the equilibrium to the right, 
nitro compounds, which behave as acids in the presence of 
strong alkalis but not in their absence, are called pseudo-adds* 

(in) Action of Nitrous acid . Primary mtro-compounds read 
with nitrous acid to form crystalline nitrolic adds which dissolve is 
alkali to give red solution. 

R—C|H, + O =NOH —► R—C=NOH 
| Nitrous 


NO, 

Primary 

nitro-compound 
TOC—II-r 83-19 


$c\d 


NO, 


Nitrolic acid 
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Secondary nitro-compounds give colourless crystalline pumio- 
mUniea (0-nitroles) which dissolve in alkali to give blue solution. 

« -M + HO| ~NO /NO 

Nitrous-► R»Cv + 

x NO, add N NO, 

Secondary Pseudo-nitrole 

niiro-compounda 

(tr) Hydrolysis. Primary nitro-paraffins are hydrolysed by boil¬ 
ing with hydrochloric acid or fl5% sulphuric acid to give hydroxyl* 
amine and carboxylic acid. 

HC1 

RCH*.N0 2 + H a O —► RCOOH + NH.OH 
This reaction is being used for the manufacture of hydroxyl* 


Secondary nitro-paraffins 
nitrous oxide. 


2R a CH.NO a 

Secondary 

nilro-paraffin 


on hydrolysis yield ketones and 
HC1 

-► 2R a GO + N f O + H a O 

Ketone 


Tertiary nitro-paraffin remains unaffected. 

(p) Hologenation. Primary and secondary nitro-paraffins are 
readily halogenated in alkali solution. The halogen atom enters 
s-position. 

Primary give both mono- and di-halogeno derivatives, whereas 
secondary give only monohalogeno derivative. Nitromethane u 
exceptional and gives trihalogrno derivatives. 

CH 3 N0 2 + 3G1 2 + 3NaOH-►GCl 3 .NO ? + 3NaCl + 3H.O 

Chloropicnn 

Uses. Nitroalkanes are less toxic and not much inflammable. 
Hence these are being widely used as solvents for fats, oils, shellac- 
cellulose derivatives and rubber. 


14. Distinguishing Properties of Nitroparaffins and 

Alkyl Nitrites. —A nitro-paraffin can be distinguished from its 
isomeric alkyl nitrite as summarized in the table below : 


Property 

Alkyl nitrite 

Nitro-paraffin 

1. Boiling point. 

Low. 

Much higher. 

2. Reduction with 
metal and acid. 

Yields Alcohol-fhydroxyl- 
amine or ammonia. 

(See page 2‘288) 

Gives corresponding primary 
amine. (See page 2*289) 

3. With alkalis. 

Readily hydrolysed giving 
alkali nitrite and corres¬ 
ponding alcohol. 

(See page 2 288) 

Not decomposed ; may form 
soluble sodium salt. 

(See page 2-289) 

4. Action with Nit¬ 
rous acid. 

No action. 

Primary yields fdtrolic acid : 
Second? ry reacts to give 
pseudo-mtroie. 

(See page 2 289) 


15. Oils and Fats.— Oils and fats are glyceryl esters or glyce¬ 
rides of higher fatty acids. Those which are liquids at ordinary tom- 
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peratune art called Oils. These contain a larger proportion of un* 
saturated acids than do fats which are solids at ordinary temperatures. 
The common simple glycerides (when all acids are the same) are 
tristearin, tripahnitin and triolein (see page 2' 157). Mixed glycerides 
(when the acids are different) are, however, definitely more common. 


CHtO.CO.CjfHu 

(!»O.CO.C 1t Hu 

<^H,O.CO.C 1t H h 
T ristearin 
{Simple glyceride) 


CH,O.CO.C la Htt 

isiO.CO.CuHu 

ItH.O.COAtH- 
■-palmito-a': p-diolein 
{Mixed glyceride) 


Oils and fats may be of animal or vegetable origin, e.g. t whale 
oil (an oil) and tallow (a fat) have an animal origin while linseed oil 
(an oil) and coconut oil (a fat) have vegetable origin. They differ from 
mineral oils and essential oils. 


Mineral oils have a mineral origin'and are a mixture of hydro - 
carbons. Kerosene is a mineral oil. 


Essential oils are found in various plants. These are highly 
volatile , pleasant-smelling liquids . Glove oil, lemon oiL and turpen¬ 
tine are examples-of essential oils. 

Common methods employed for the extraction of oils and fati 

are : 

(i) Melting . Animal fats are generally separated from animal 
tissue by heating when the fat melts and flows down. 


(ti) Crushing. Vegetable oils, e.g. s cottonseed oil, groundnut 
oil, are extracted from oilseeds by crushing followed by pressing in 
a hydraulic Dress. The residue called oilcake is used as cattle feed. 

(tit) Extraction with Solvents. Fat9 and oils being soluble in 
organic solvents, e.p., petroleum ether, are more carefully extracted 
by means of these. 

16. Properties and Uses of Oils and Fats. 

Properties : Physical. When pure, these are colourless, 
odourless, neutral liquids or solids. They are lighter than water and 
immiscible with it but dissolve in organic solvents, e.p., ether and 
benzene. When agitated with water in the presence of soap, gelatin, 
etc. ( emulsifiers ) they form emulsions. 

Chemical, (i) Hydrolysis . Oils and fats are hydrolysed when 
heated with water alone or in the presence of acids and yield 
glycerol and higher fatty acids. With alkalis they give glycerol and 
soap (see page 2T57). 


(ti) Hydrogenation. Oils are glycerides of unsaturated fatty 
acids. These are changed to solid fats when hydrogen gas is passed 
into them under pressure and in the presence of finely-divided nickel 
(catalyst). The unsaturated acid radicals change into saturated ones 
as a result of hydrogenation. For example, 

CH.O.OC. (CH.Jy.CH-CHCCH.Jy.CH, 

1 _ _ ^ +3H, 

CHO. ‘ - - - 


OC. (CH.)i.CH«»CH(CH|)f.CH| 


CH.O.OC. (CH|), ,CH «CH(CH,) ,.CH* 
Triolein (m.p, 256K) 


CH,O.OC. Cj|Hn 

(WoCAtH,. 

CJIsO.OC.CifHn* 
Tristearin (m.p, 3J3K) 
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(Hi) Bydrogenolyaie. On passing excess of hydrogen through 
an oil or fat, it yields glycerol and a higher alcohol. For example, 

CH l O.OC.C 1 ,H u CH.OH 

^HO.OC.C„H u + 6H, —► <!hOH + 3Ci,H|,GHaOH 

c!h,o.oc.c„h m ^H,OH 

Tristearin Glycerol 

This splitting up of the fat molecule by hydrogen is called 
hydrogenolysis. 

(tv) Drying, Certain oils like linseed oil change into hard 
solids on exposure to air. These are called Drying oils and find 
use in paint send varnish• industry. Drying is catalysed by litharge 
and various other metallic oxides. Some other oils like cottonseed 
oil thicken slowly and contain a smaller percentage of the glycerides 
of unsaturated acids than the drying oils. These are called semi- 
drying oils. 

Drying involves oxidation, polymerization and colloidal gel 
formation. The mechanism of the process is, however, complicated 
and not definitely known. 

(v) Ranciddfication. The unpleasant smell which fats and 
oils develop on long exposure to moist air is due to rancidity. This 
results from partial saponification {hydrolysis) which sets free strongly 
smelling fatty acids. 

For example, butter on hydrolysis yields volatile fatty acids 
having unpleasant odour. 

Another form of rancidity is due to oxidation of unsaturated 
Cats promoted by heat and light. The oxidation yields aldehydes 
and acids which have a strong smell. 

Uses. These are largely used (i) as articles of food, (ti) for 
toilet purposes, (in) in medicine, (iv) as lubricants, ( 0 ) as illumi- 
nants, and (vi) in the manufacture of soap, glycerine and paints. 

17. Hydrogenation of Oils. —Most of the housewives prefer 
solid fats to liquid oils for cooking purposes. Accordingly, millions of 
kilograms of groundnut oil or cottonseed oil are changed to solid 
edible fat (vegetable g)tee) each year by hydrogenation in presence of 
a suitable catalyst. Hydrogenation converts only a part of the 
glycerides of unsaturated acids into those of saturated acids. Different 
steps involved in the actual manufacture of vegetable ghee are : 

( 1 ) Removal of Free Acids. The oil is warmed in a pan and 
treated with a calculated quantity of sodium hydroxide to neutralize 
the free fatty acids. The salts formed as a result of neutralization 
come up in the form of a scum along with some of the suspended 
matter. 

• Paints are mixtures of linseed oil and some suitable pigment. Before 
applying turpentine is added as a thinner which enables us in applying a thin 
and uniform coating. On standing turpentine evaporates quickly while linseed 
oil dries in a few days leaving a hard and water-proof coating. 

Varnishes are mixtures of linseed oil and a resin dissolved in some suitable 
solvent. The resin gives a gloss to the hard films obtained as a result of the 
drying of the oil 

Lacquer Is a varnish to which some pigment has been added. 
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(n) Bleaching. The oil from the first tank is decanted into the 
second and treated with animal charcoal at 353K or so. The colour* 
matter is adsorbed by animal eharcoal 


mg 

and the oil is filtered. 


5^_ UNUSED 8 f 


OIL ♦ 

finely 

DIVIDED 

NICKEL 

(CATALYST) 


(m) Deodorising . The bleached oil 
is treated with superheated steam for 
deodorising. 

(io) Hydrogenation or hardening of oil . 

The oil purified above is taken in an iror 
tank surrounded by a heating jacket a«. 

423-473K. Some finely divided nickel is 
suspended in the oil and hydrogen gas is 
passed in under pressure. Finely divided 
nickel acts as a catalyst in hydrogenation. 

The hydrogenation is continued until 
a fat of the desired consistency is obtained. 

The hardened oil is taken out and freed 
from the catalyst by filtration. Some 
flavouring material somewhat resembling 

genuine ghee is then added to this before pt g> 15*2 _ 

placing it on the market. Hydrogenation of oils. 

18. Analysis of Oils ind Fats. —The composition and purity of a given 
fat >4 determined by means of a number of physical and chemical test* Various 
physical tests are ihe determination of ils physical constants such as melting 
point, spe- itic gravity and refractive index. Various chemical tests which give 
an indiration of the type cf fatly acids present in the fat or oil are : 

(0 Acid Value. It i 5 the number of milligrams of poles slum hydroxide 
required to neutralize J g of the fat or oiL The acid value indicates the 
amount of the free acid present in the fat or oil. 

To determine acid value, a weighed quantity of the fat is dissolved in 
alcohol and titrated against a standard alkali ir:ng phenolphthalein at 
Indicator, 



UNDER 

PRESSURE 


(if) Saponification Value. It is the number of milligrams of potassium 
hydroxide required to neutralize the fatty acids resulting from the complete 
hydrolysis of 1 g of the oil or fat. 

To determine the saponification value, a weighed quantity of the given 
fat is refluxed with a known volume of standard alcoholic potash solution. The 
unused alkali is then titrated against some standard acid. Saponification values 
of tome common oils are : 


Coconut oil — about 250 
Olive oil - „ 200 

(rtf) Iodine Value. It is the number of grams of iodine which combine 
with 100 grams of oil or fat . It indicates the degree of unsaturation of acids in 
the flit or oil. 

In HubTs method of determination of the iodine value> a known weight 
of oil or fat is dissolved in carbon tetrachloride and treated with a known volume 
of standard solution of iodine and mercuric chloride in ethanol. The unused 
Iodine is titrated against a standard thiosulphate solution. 


Iodine values of some common oils are : 

Grata'll oil-10 ; Olive oil-88 ; Unseed oil-108. 
fp) lbridtart-MtilVahie (R/M Vatae). It is the number of millilitres of 
0*1 Njpotassium hydroxide solution required to neutralise the distillate of 3 g 
dtiMrotysed feu It r e pres e n ts the amount of steam volatile fatty acids present 
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5 g of the fat is hydrolysed with sodium hydroxide and the mixture is 
acidified with dilute sulphuric acid and steam distilled when adds with carbon 
content up to 10 being volatile in steam distil over. The distillate is cooled and 
filtered and titrated against 0M N-alkaii. 

Reichert-Meissl values of some common fats and oils are : 

Butter-20 ; Coconut oil-80 ; Cottonseed oil-Less than 1. 

13, Classification of Oils.—On the basis of iodine value the oils have 
been sub-divided into following three groups : 

(a) Drying oils , These are oils with iodine values above J20. They harden 
slowly on exposure to air to form resinous solid. These ate glycerides of highly 
unsaturated acids, ejf, t linoleic and linolenic acid. Linseed oil is a typical 
drying oil and consists of: Linolenic acid ester (80%), Linoleic acid ester (15%) 
and Triolein (5%). 

Tung oil (C hina -wood oil) is another example of an excellent drying oil. 

Drying oils find use in paints and in the manufacture of oil doth, rexin 
and linoleum {mixture of ground cork and boiled linseed oil rolled into sheet 
which hardens on standing), 

(A) Semi-drying oils. These axe oils with iodine values 90 to 120. 
They thicken very slowly when exposed to air. Cottonseed oil and sesame 
oil are examples of semi-drying oils. 

(c) Hen-drying oils. These have iodine values less than 90. They 
do not thicken when exposed to air. They consist of mainly triolein. Some 
examples of this class are olive oil, coconut oil and castor oiL 

20. Distinction between Animal and Vegetable Fata.—Animal fats 
oontain cholesterol—an unsaturated alcohol, with molecular formula Cb T H m O. 
Cholesterol forms rhombic plates (ttk.p. 42iK). 

Vegetable tats contain Phytosterol which crystallizes as needles (m.p. 
405-417K). This makes the distinction between animal and vegetable fata 
possible. 

21. Waxes.—'Them are also esters of higher fatty acids. They, however, 
differ from oils and fats which are glycerides of higher tatty acids in being 
etlgn of higher ho mo Log urn of monohydric alcohols, eg.. 

Name Chemical name Formula 

Beeswax Myricyi pa Imitate CuHtiCOOC^H*! 

Spermaceti Cetyl palmi Late C^HuCOOCuHu 

Caroauba wax Myricyi cerotate CuHuCOOCmHu 

Paraffin wax (a petroleum product) is, however, a mixture of highes 
hydrocarbons and thus is entirely different from natural waxes. 

Waxes ate used in the manufacture of boot polishes, furniture polishes 
and varnishes. 
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22. Saponification nr Soap-making. —Common soaps are 
sodium or potassium salts of higher fatty acids, e.£., stearic, palmitic 
hud oleic acids. The sodium salts are termed ha/rd soap whereas 
the potassium salts give soft soap* These are obtained from oils and 
fats, e.?.> tristearin is obtained from beef and mutton tallow, tripal- 
Cttitm is present in palm oil and triolein is found in lard, olive oil 
and cottonseed oil. In India soap is generally manufactured from 
cocount oil, groundnut oil, til oil and mah'ua oil. If we treat 
tristearin with sodium hydroxide solution called lye, they react to 
form soap and glycerine. The process is called saptmiflctUion. 


CH|O.CO,C]fHu 
CHO.CO.CuHm + 

tk.O.CO.CjtH,, 
Trittcrin (a fyl) 


3N.OH 

(Lye) 


CH,OH 

Ahoh +* 
Ah,oh 


3C lt H„COON. 
Sodium itemt« 
W«M) 
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23, Manufacture of Soap.— Two processes generally em¬ 
ployed for the manufacture of soap are : 

(1) The Hot Process. Different steps involved in the manu¬ 
facture of soap by hot process are : 

(0 The oil or fat is taken in a giant iron-pan 

[Soap Jbetifejan a heated with open steam. The alkali solution—10 
per cent caustic soda solution (lye) —is added in thin stream while 
steam keeps the mass boiling and also ensures thorough mixing. 
After several hours the saponification is complete and a frothy mix¬ 
ture of sodium salts (soap) and glycerine is obtained. 

Fat or Oil+Lye - >Soap -f Glycerol 

(tt) §aUing ou tp f soap. Slight excess of* the alkali in the trans¬ 
parent reaction mixture indicates that saponification is complete* 
Common salt or brine is now added to precipitate soap and heating 
is continued. After some hours soap forms the upper layer as granu¬ 
lar mass. This is called salting out of soap . 

The lower layer consisting of glycerol, salts and unused alkali 
■olution (spent lye or sweet lye) is drawn from below and used for 
the recovery of glycerol (see page 2*157). 

(tit) Finishing . The soap so obtained is boiled again with caus¬ 
tic soda for complete saponification of any unsaponified fat and the 
spent lye again drawn off. The solid soap is next boiled with water 
to dissolve out the excess alkali and allowed to settle when the im¬ 
pure soap called nigre forms the lower layer. The upp-sr layer of 
pure soap is transferred through a swing pipe to a steam-jacketed 
tank called crutcher. 

Here it is shredded into small chips, dried to the requisite 
moisture content and mixed with colouring matter and perfumes. 
In the case of laundry soap some fillers, e.g rosin, sodium silicate f 
borax and sodium carbonate, are also added. These have some 
detergent value and are cheaper than soap. 

It is next run into moulds and permitted to solidify. The 
bigger blocks are cut into slabs by means of steel wires. The slabs 
are finally cut into cakes of desired size and stamped. 

(2) The Cold Process. The oil or the molten fat is taken 
in an iron pan fitted with a stirrer and treated there with caustic 
soda solution (Lye). The charge is stirred until the soap begins to 
set. It is solidified in frames and cut into slabs as given above. 
All the glycerine set free remains in the soap. Usually starch or 
some other filling material is thoroughly mixed with the oil previous 
to the addition of caustic soda. The usual proportions of the various 
ingredients are : alkali (1 part), water (7 parts) and starch (1 part). 
The process is, however, not so economical as the hot process and 
does not yield pure stuff. The hot process is, therefore, decidedly 
superior to this. 

(3) Msdm Process. In the processes recently developed, 
(he fat is hydrolysed with hot Water under pressure in the presence 
of catalyst! e.g., lime or zinc oxide (lUner Process ), or dilute sulphuric 
acid and aromatic sulphonic acids Twitchd Process ). The free add, 
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obtained as a result of hydrolysis, is neutralized with caustic soda or 
•odium carbonate. The methods are cheaper and simpler. 

Large-scale apparatus built for continuous hydrolysis of fats 
consists of af tower about 65 feet high. Fat is introduced into the 
tower at the bottom while hot water at about 523K enters at the top. 
Fat rises up through water and gets hydrolysed in the presence of a 
catalyst which is also added. 

Fatty acids from the top of the tower are neutralized to soap 
in a continuous process. Dilute glycerol leaving the bottom of the 
tower is used for recovery of glycerol. 

24. How does Toilet soap differ from Laundry soap ?— 

Toilet soaps arc manufactured from the best quality fat or oils. 
Great care is taken to add just the right amount of lye to see 
that there is no free alkali, injurious to skin, in the finished product. 
Laundry soaps are obtained from cheaper fats and oils. All soaps 
contain some perfume to conceal the unpleasant smell of raw soap 
but expensive perfumes are added to toilet soaps to make them 
pleasant smelling. Toilet soaps contain no tilling materials usually 
present in laundry soap. 

25. Some Special Varieties of Soap. —There are many kinds 
of soap in the market, e.p., floating soaps made by beating large 
quantities of an into soap in a crutcher while it is in the creamy 
stage. Transparent soap may contain glycerol or alcohol and may 
be obtained by dissolving soap in alcohol and evaporating the sol¬ 
vent alcohol. Medicated soaps contain some substances of medicinal 
value added to them, e,g> 7 neem soap, carbolic soap. Shaving soaps 
arc potassium sodium steai atcs (which produce lasting lather) con¬ 
taining gum and glycerine to prevent rapid drying of lather. 

26. Gleaning Action of Soap. —A soap has two dissimilar 
ends. At one end is the hydrocarbon chain which is non-polar and 
oil-soluble (lyophilic or lipophilic). The other is the carboxylate 
Bah end which is polar and water-soluble (hydrophilic). 

—COONa 
Non-polar Polar 

lyophilic hydrophilic 

Sodium stearate—a soap 

When soap is added to water, its molecules make a unimole- 
Ctdar film on the surface of water with their carboxyl groups dissolv¬ 
ed in water and the hydrocarbon chains standing on end to form a 
hydrocarbon layer. 

I I I | | I I I I I I L HY0WCAR60N CHW 

°* cup 

WATER 




Fig. 2£‘3—Uoimolecul*r film of »oap 
molecule. on water wrfeoe. 
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When a doth with spot of dirt in soaked with soap solution, 
soap dissolves dirt (fat or oil with dust etc, adsorbed in it) by form* 
ing miscelles in which oil or fat is 
at the centre of the sphere with fyyFrtr 
fat-soluble hydrocarbon chains of 

soap dissolved in it. The water- "rr/C"r•?*? 

soluble carboxylate ions make a 
hydrophilic surface around this 

sphere and render the entire mis- OIL j^TFF^ImFz'i 

celles of oil or fat wa tor-soluble. - 7- 

Thus the miscellea dissolves in y7~-S-~77l/ff^7 

Water and is washed away. 

We find tftat soap tends to f££: F7r7jL7j7^1 V"i; 

concentrate on the surface of t- £ r . ~~r . t . - - -""5 

solution and, therefore, lowers ^... 

its surface tension and thus causes ^* 5 ^ ^ P 1 tniscellw vnthhf dro- 
J. . J.... , V . carbon chains of soap dissolved in it. 

foaming. This helps it to pene- Water-soluble carboxylate ions render 
trate the fabric. It emulsifies fat the entire miscelles water-soluble, 
in dirt forming a miscelles and renders the entire miscelles water- 
soluble. The dirt is thus washed away by water. 

27. Synthetic Detergents. —Development of synthetic deter¬ 
gents is a big achievement in the field of cleansing. These possess 
the desirable properties of ordinary soaps and can be used with hard_ 
water and alan i n acidic solut ions. These are salts of sulphonicIclHs 
or alkyl hydrogen sulphateiTin comparison to soap which are salts 
of carboxylic acids. Their calcium or magnesium salts are soluble 
in water. 

Their oil-soluble (lyophilic) part is the hydrocarbon chain and 
the water soluble part may be : (») An anionic group such as sul¬ 

phate or sulphonate. (*») A cationic group, t.g amine salt or 
quaternary ammonium compound, (tii) It may also be a non-ionic 

E oup such as alcohol or ether. A few typical detergents are given 
slow : 

(a) Alkyl sulphates ( anionic ) e.g. 9 

(a) GH»—(CHa) 10 —CH a OSO a -Na + 

Sodium lauryl sulphate 

(u) CH 3 —(CHfl) 1 € —GH a OS0 3 “Na + 

Sodium stearyl sulphate 

(6) Alkyl benzenesulphoitates [anionic) 9 e.g ., 


2nH|j— y y^-SOfl 


Sodium dodecylbenzenesulphonate (SDS) 
(c) Cationic detergents , e.p., 

CH. 

CnHs^CONHCHaCH!—N—CHs SO/“ 


Sapamine 
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(<Q Non-ionic deterg ent*, « .g., 
C*Ht»— 


(OCH 2 CH £ ),OH 


Ethoxylate nonylphenol 

Synthetic detergents have wonderful properties but some of 
them have very low biodegradability. They are resistant to bacterial 
attack and are not fully degraded in sewage treatment plants. Their 
discharge into rivers causes a serious pollution problem. 

These are wetting agents which lower the surface tension of water and act 
as cleansing agent as explained above in the case of soap. These can be used for 
delicate fabrics as they do not hydrolyse to give hydroxyl ions and work equally 
well with hard and soft water. 

What does your Detergent contain ?—Your synthetic detergent contains 
little of real detergent. Its various constituents are : 

Sodium alkylbenzenesuphonate 18% 

Dedusting agent 3% 

Foam booster 3% 

Sodium tripolyphosphate, builder 50% 

Anti-corrosion ageat 6% 

Optical brifhtener 0 3% 

Water and inorganic filler 19'7% 

Function of tripolyphosphate is to produce OH" ion (by reacting with 
water) and keep the wash water slightly alkaline, thus helping to emulsify grease 
particles. 


+ 2H|0 -* HP.O,*- + H.KV + OH* 


Tripolyphosphate ion 

Tripolyphosphate ion can also tie up Ca 1 * and Mg l+ ions which cause 
hardness of water. 


i i t 
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28. Candles.—Mixture of Tatty acids obtained by hydrolysis of fats with 
superheated steam is heated to 333K and pressed when liquid acids are sepa¬ 
rated. The solid cake obtained is known as 4 stearin ’ and is mainly a mixture of 
stearic and palmitic acids. Stearin is mixed with about 90% paraffin wax and 
melted. The molten mass is poured into metal tubes each carrying a cotton thread 
stretched along its axis. On cooling the mixture solidifies and candles are 
obtained. 

QUESTIONS 

Essay Type 

1. Describe the preparation and properties of Ethyl acetate. 

(.Punjabi B.Sc. 1976) 

2. Define Esterification with an example and describe its mechanism. 

How will you obtain (0 Ethyl alcohol, (//) Acetic acid, (iii) Acetyl chloride and k 
(/v) Acetamide from ethyl acetate ? (Guru Nanak Dev B.Sc. 1977) 

3. How would you prepare nitro-paraffins 7 How will you distinguish 
b e t we e n an alkyl nitrite and a nitro-alkanc 7 Explain the reactions with equations. 

(Indore B.Sc . 1967 ; Agra 1965 Supp ) 

4. Describe the preparation and uses of dimethyl sulphate. 

(Kerala B.Sc. 1973) 

5. What is the chemical character of fat 7 Explain the difference 
between oils, fats and waxes. What are their industrial uses 7 

(Jabalpur B.Sc. 1976) 

6 . What is the chemical character of a fat 7 Explain the difference be¬ 
tween oils, fills and waxes. Distinguish between mineral, vegetable and essential 
oils. (Lucknow B.Sc. 1967\Al^hobad 1966 ; Gorakhpur 1967 ; Nagpur 1963) 
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1 What am oils tad feta 7 Define the viriou* ofl constants and ***• 
thair significance in evaluating the quality of an oiL Give their industrial uses. 

(Jodhpur BJSc, MS ; Jfejftmir 7M»; Agra 7950 &g$.> 

8. Write explanatory notes on : (a) Saponification value, (6) Iodine 

value, and (c) Hardening of oils. (Lucknow BJSc. MS; Kashmir MO) 

9. Give briefly the manufacture of soap. 

(Lucknow B.Sc. 7957; Allahabad 1966 ; Gorakhpur M7) 

10. What are oils, fats and soap 7 Describe how vegetable ghee la 
manufactured starting from oilseeds. (Guru Nanak Dev B.Sc. 1971} 

Short Answer Type : 

1. How can nitroaikanes be distinguished from alkyl nitrites ? 

(Delhi B.Sc. 1976 Supp.) 

2. Why are primary nitroalkanes acidic in nature 7 (Delhi B.Sc. 1976} 

3. What are offs, fats and soap 7 (Guru Nanak Dev B.Sc. 1971 ) 

4. How does soap solution remove dirt particles from doth 7 

(Guru Nanak Dew B.Sc. 1971} 

5. Sketch the structural formulae of (0 Ethylacetate and (If) Methyl 

propionate. ( Guru Nanak Dev B.Sc. 1977 ) 

6» How do you explain the formation of ethyl nitrite and nitroethane 
when ethyl bromide reacts with potassium nitrite and silver nitrite respectively 7 

7. What are drying oils ? 

B. Give electronic mechanism of Esterification. 

(Kerala B.Sc. 1973 ; Delhi 1976 > 

9. Define the saponification value of a fat and explain its significance. 

(Madurai B.Sc. 1976 October > 

10. How was it established that esterification involves the cleavage of the 
O—H bond of the alcohol and C—OH bond of the acid ? 

(Delhi B.Sc. Hons. 1977) 

11. Nitromethane dissolves in alkali. Explain why. (Andhra B.Sc. 1978 > 

12. Nitromethane slowly dissolves in aqueous alkali but * methane doea 

not do so. Explain. ( Madras B.Se. 1978) 

13. Compare the behaviour of primary, secondary and tertiary nitro- 

alkanes towards nitrous acid. (Madras B.Sc . 1978} 

14. Discuss the mechanism of hydrolysis of esters. (Andhra B.Sc. 1978} 

15. Give two characteristic reactions of ethyl nitrite and nitroethane. 

(Madras B.Sc. 1978} 

16. How is ethyl acetate prepared ? Give the mechanism for an eater 
formation. What are its properties 7 Give the mechanism for the following 
reactions of an efter : 

(а) Hydrolysis. 

(б) When reacts with Grignard reagent. (Sri Venkateswara B.Sc. 1978} 

17. How will you distinguish between : Ethyl nitrite and nitroethane. 

(Kanpur B.Sc. 1977) 
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1, Amines mre Alkyl Ammonias. —Derivatives of ammonia, 
in which one or more hydrogen atoms have been replaced by alkyl 
groups, are called Amines. These are further classified as Primary , 
Secondary or Tertiary Amines according as one, two or three hydro¬ 
gen atoms of ammonia arc replaced by alkyl groups. 


NH a 

Ammonia 


RNH f 

Alkylaminc 
( Primary ) 


R \ 

>NH 

k/ 

Di&lkylamine 

{Secondary) 


R \ 

R- 7 N 

RS 

Tnalkylamine 
( Ternary) 


Thus the characteristic groups of the three types of amuies 
are the amino group, —NH a , the imino group , >NH and the tertiary 
nitrogen atom , aN respectively. 

In addition to the primary, secondary and tertiary amines tetra- 
alkyl deiivatives of ammonium hydroxide, [R 4 N]+OH“ are also 
known. These are termed tetra-alkylammonium hydroxides or 
quaternary ammonium hydroxides. 


2. Nomenclature.—Individual members derive their names 
from the alkyl groups attached to the nitrogen atom. Each name 
ends with the suffix amine, e.g., 


CHa-NH, 

Methylamme 


C^NHa 

Butylaminc 


(GH 3 ),NH 

Dimethylamine 

{Simple) 


(CH,),N 

Tranethylanc 
{Simple) 


me 


CHi 


/ 


NH 


CH, 




C.H. 

Ethylmethylamine 

(Mixed) 


NH 


C*H, 


yiin ^NH 

C.h/ CjH/ 

Methylpropylamine Eth yip ropy laminc 

(Mixed) (Mixed) 


When all the alkyl groups attached to the nitrogen atom are 
the same, the amine is said to be simple. It is called a mixed amine 
when the alkyl groups arc different. 

The quaternary compounds are named as illustrated in the 
example below : 


Tetramcthylammonium hydroxide—[(GH a ) 4 N]OH 

Tetraethylammonium iodide—[(C^H^N]*!’ 

IUPAC names. Primary monoamines are preferably named 
substitutively by adding the suffix amine to the name of the chain 
or ring system to which the NH a group is attached, with the elision 
of the terminal e in names. For polyamines the suffixes diamine, 
triaminc, etc. are used. For example 


2*300 
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CHi 

CHgGHaCHNHft is named as 2‘Butanamine. 

NHj is Cyclohexanamine 
H 1 NCH 1 CH t CHCH 1 CH l is 1, 3- Pentanediamine 
NH, 

Secondary and tertiary amines are preferably named substi- 
tutively as derivatives of the highest ranking primary amine struc¬ 
ture. For example, 

CH, GH a GH z NHCHa is -Methyl- 1 -propanamine 
CH 3 .CH 2 N(CH 8 )s is N , iV-Dimethylethanamine. 

As alternatives to alkanamine-type names for primary amines 
and symmetrical acyclic secondary and tertiary monoamines, 
substitutive names based on amine , are acceptable. For example 

GH 3 CHaNHCH 2 CH a tf-Ethylethanaminc or Diethylamine 
(CH s CH a ) B N iV,#-Diethylethanamine or Triethylamine 

CH 3 NH 2 Mcthanamine or Methylamine 

GH 3 CHCH 3 2 -Propanaminc or Isopropylamine, 

NH 2 

CH a CHGH 2 CHs 2 -Butanamine or Jec-Butylamine 

NH a 

3. General Methods of Preparation. —Different methods 
for preparation of various amines are : 

Methods yielding mixture of amines : 

(t) Hofmann’s method. By heating alkyl halide with alcoholic 
ammonia in a sealed tube . A mixture of primary, secondary and 
tertiary amines along with the quaternary compound are produced 
and have to be separated, 

CH, /r + H |NH, -► CH S NH S + HI 

Ammonia Methylamine 

CH,NH) 7~~+ i jCHa (CH a ) a NH + HI 

Methylamine Dimethylamioc 

(CH.).N| H~T~i |CH. -> (CH,),N + HI 

D imethylamine 1 rimethylamine 

O N + GH.I (CH a ),N—I 

yl- Methyl Tetramethyl- 

aroine iodide ammonium iodide 

The primary amine may be obtained in a good yield by using a 
large excess of ammonia. Tertiary amine may, however, be obtained 
in good yield by using alkyl halide in slight excess than required by 
the equation : 

3RX + NH, —► R,N + 3HX 
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AhhmNi of alkyl halide* u a audevpUlic nimdtaflaa (fttr Mr 
f«|fkr Ai alkyl haUdet). 

H.N : + R-X- r H Hj». R 3] H »fi—R + X 

Transition complex 

The ftalt obtained on decomposition with alkali liberates the unti l, 
Primary alkyl halides give the best yield while in case of tertiary alkyl hil((lM 
elimination reaction Ls the main reaction and an olefin is formed (compare the 
reaction with KOH). 

(it) By ammonolysia of alcohol*. By pasting the mixture of 
the vapours of alcohol and ammonia over heated alumina ( 623K)> Here 
Again mixture of three amines is obtained. 

CH a j OH T H |NH a -► CH,NH f + H f O 

CH 3 NH |H + HO |CH, —► (CH,) a NH + H t O 

Methylamme Dimethylaminc 

(CH,)t N|H + HO lCH 3 -► (CH 3 ) 3 N + H.O 

Dimethylamme Tnmethylamine 

The primary amine may be obtained as the main product by 
using a large excess of ammonia. 

The separation of the mixture of amines obtained by any of the 
methods is effected as described on page 2'304. 

Methods yielding Primary amines : 

(t) Hofmann’s Bromamide Reaction. By the action of bro¬ 
mine and caustic potash on amides (see page 2*269]. 

CH s CONH B +Br 1 +4KOH^CH 3 NH 8 +2KBr+K t GO B +3H i O 

Acetamide Methylamine 

This is generally the most convenient method for preparixig 
primary amines. 

(it) By the reduction of nitroparaffins with metal and acid or 
with hydrogen in the presence of nickel or with LiAlH v 

Ni 

C a H # NO| + 3H| —► CjHjNH, + 2H.O (nr.) 

Nitroethanc Ethylamine 

(tii) By the reduction of oximes with sodium and ethanol or 
catdtytica^y. 

CH,CH~NOH+4[H] CH.CHjNH! + H.O (p.) 

Acetaldoxime Ethylamine 

(it?) Mending’ Reaction. By the reduction of alkyl cyanide 
catahyticaUy or with sodium in alcohol or with LiAlH v 

CH.CmN+4[H] CH.CH.NH. 

Methyl cyanide Ethylamine 

High molecular weight amines are easily obtained by this method since 
die cyanides can be readily prepared from long chain fatty acids. 

(v) By the reduction of amides with LiAlB 4 . 

RCONHj + 4H —► RCHfNHa + HgO 
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(p») By the hydrolysis of alkyl isocyamdm with dilute acid and 
hydrolysis of alkyl isocyanates with hotting alkalis. 

HIOH Add 

CH,—N C + 2H,0 —► CH,NH, + HGOOH 

h'oh Methyiamine Formic add 

OK 
OK 

=C=0+2K0H—*CH,NH, + K.CO, 

Methyiamine 


H 

H 

CH,—N 


win*— 

Methyl isocyanate 

(ini) Gabriel’s Phthalimide synthesis. Phthalimide ia treated 
with alcoholic potash to get pota&siophthalimide which gives N-alkyl 
phthalimide when heated with an alkyl halide. This is heated with 
L20 per cent hydrochloric acid under pressure or refluxed with caustic 
potash solution when phthalic acid and a primary amine are obtained 
as a result of hydrolysis. 



KOH 


NH 


''CO 

Phthalimide 

OHH 

OD 

OH 


<^Pco' 


'Snk 

CCK 

Po tassio phthalimide 


RI 


NR 


+ RNH, 

Primary amice 


H.O r^XCOOH 

*<^>feoOH 

l|H Phthalic acid 

N-alkylph thalimidc 

(rni) By decarboxylation of Amino acids —by distilling them with 
barium hydroxide or by putrefying bacteria. 

Ba(OH)i 

CH 2 .NH 2 .COOH-► CH.NH. + CO. 

Aminoacetic acid Methyiamine 


(is) By means of a Orignard reagent and chloramine • 

RlMkXTFClNH, -► RNH, + Mg<f X 

Orignard Chloramine Primary 

reagent amine 




RNH. + 
Primary 


Methods yielding Secondary amines : 

(i) By heating the primary amine with calculated quantity of alkyl 
halide. 

IR-► R.NH + HI 

Secondary 
amine 

(»0 By heating p-nitroso-dialkylanttine with strong alkali solution 
a pure secondary amine is obtained. 

OH|H 

O NaOH 

N(C,H 6 ). -► ON(^ \)OH + <C,H,),NH 

p-nitroso-diethylaniline p-nitroso-ptHaol dicthy lamina 

Thii ia one of the beat method* for preparing pure aecondary 
udra. 
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(tit) By reduction of ait alkyl isooyanide with nascent h ydrogen or 
o mtalyticaUy. 

R.NC + 4[H] —► R.NH.CH, 

Alkyl toocyanide Secondary amine 

(ir) Mo hydrolysis 0 / a dialkyl eyanamide with an acid or alkali „ 

NaOH RX 

CaN.CN-►Nft.N.CN-►R,N.CN 

fjtticium Sodium Dialkyl 

eyanamide eyanamide eyanamide 

H.O 

R,N.CN-►RtNH + CO, + NH, 

sec. amine 

Methods yielding Tertiary iminM : 

(i) By healing an alcoholic solution of ammonia with slight excess 
of tdkyl halide than required by the equation ; 

3 RX + NH, R 3 N + 3HX 

C Alcoholic ) Tertiary amine 

(«) By the thermal decomposition of quaternary ammonium 
hydroxide . A quaternary ammonium halide is treated with moist 
silver oxide and the quaternary ammonium hydroxide obtained is 
heated. Tetramethylammonium hydroxide decomposes to give an 
alcohol whereas all others give an olefin and water. 

[(CH,) 4 N]X + AgOH -► [(CH 3 ) 4 N]OH + AgX 

[(CH,) 4 N]OH -► (CH,),N + CH.OH 

Tetramelhylainmonium Trimethylaminc 
hydroxide 

[(C,H fi ) t N]OH + (C,H b ) s N + C,H, + H.O 

Tetraethylammonium Trie thy lamine 

hydroxide 

Nature of olefin obtained is governed by Hofmann rule (see 
page 2'21). 

4. Separation of Amine Mixture*.— The mixture of the 
amine salts and the quaternary salt is distilled with potassium 
hydroxide solution when the three amines distil over, leaving the 
quaternary salt behind in solution. 

RNH,.HI+KOH RNHj+KI+HgO 

The mixture of the three amines in the distillate is separated 
into the individual amines by one of the following methods : 

(*) Fractional Distillation. The mixture is subjected to 
fractional distillation and separated into its constituents. It has 
proved to be the most satisfactory industrial method as highly 
efficient fractionating columns are available. 

(ii) Hinaberg 1 * Method. The mixture is treated with ben* 
senesulphonyl chloride— C 6 H B SO fl Cl (Hinsberg's reagent) and then 
so m e alkali and ether are added. Primary amine forms a sulphon* 
amide which dissolves in alkali forming its sodium salt This comes 
Ir the lower aqueous layer. 
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GtH«NH f 

Ethylamme 

(Primary) 



reagent 
(Bemene- 
mlphony 
chloride ) 


C 2 H,NH.S0 1 C^H i +HCl 
Sulphonamide 
| alkali 

C a HfiNNa.SO J C e H # 

(Soluble in water) 


• Secondary amines form a sulphonamide which comes in the 
upper ethereal layer along with the tertiary amine which is not 
reacted. 


(C 8 H g ) g NH+C.H B SO,CJ 

Diethylamine 

(Secondary) 


(C g H g ) HC1 

SiUphonamids 
(Insol. in ahtalf) 


The two layers are separated and tertiary amine obtained 
from the ether layer by fractional distillation. The other fraction 
(sulphonamide of secondary amine) is treated with concentrated 
hydrochloric acid when secondary amine is generated by hydrolysis 
and passes over when the mixture is distilled over caustic soda* 

V C,H 6 ) f N.SO f C,H 6 4 HCl+H g O-►C i H 6 SO g OH+ (C t H t ) a NH,HCl 

Sulphonamide 
of sec. amine 


(C g H ft ) 1 NH.HCl+NaOH-► (C^H g ) a NH+NaCl+HjO 

sec. amine secondary 

hydrochloride amine 

The aqueous layer is acidified with dilute hydrochloric acid 
and then hydrolysed with concentrated hydrochloric acid. This is 
then distilled over sodium hydroxide when primary amine passes 
over. 


C g H # NNaSO t C i H t + HC1-► 

Sod^ndt of sulphana- 

C f H i NH^OAH l +Ha+H t O-► 



G f H 5 NH r Ha+C € H fc SO t .OH 

Primary aasise 

hydrochloride 


WNH^a +NaOH -- C.H.NH. +lfaCH-lfcO 

Primary amine Primary 

hydrochloride amine 

{Hi) Hsftns—V IMod. Here the mixture is t re ad sft with 
diethyl oxalate which gives a solid oxamide with primary amine, a 
liquid oxaanic ester with secondary amine while the tertiary amine 
does not react. 


COlO C.H.+I4NHR 

CO.NHR. 

2 CU 40 H 

C»|OC i H t tS|NHR 

Ethyl oialiSc fttoary 

1 + 

CO.NHR 

Oxamide 

(solid) 

ssu 

colo cji.+h'nr. 

CONR. 


COOC.H, *SSf iy 

Btt?t 

QBMflta 

toOCVH, 4 

Oumaceakr 

C&JOH 

moi 

alcohol 

{txm 



TOC-4M'l3-M 
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The solid oxamide is separated and heated with caustic potash 
when primary amine is obtained. The liquid (mixture of oxamic 
ester+tertiary amine) is subjected to fractional distillation. Oxamic 
ester is again decomposed by heating with caustic potash to get 


secondary amine. 

COl NHR+Hl OK 

I _ 

COfNHR+H/OK 

Oxamide 

co lNR, ± h| ok 

I _ 

COjOCjHj+^OK 
Oxamic ester 


COOK 

| + 2RNH t 

COOK Primary 

Pot. oxalate amine 

COOK 

| H-R^H+C^HsOH 

COOK Secondary 
amme 


5. General Pr o pert i es : Physical. (») The lower members 
are gases followed by others which are liquids. Higher ones are 
solids. 


(si) Lower members are soluble in water due to hydrogen 
bonding but the solubiliiy decreases as the molecular weight in- 
creases and hydrocarbon group becomes bulky. 

(iii) The lower members have a powerful fishy smell and arr 
combustible. The odour fades with increase of molecular weight. 

(ir) Their boiling points show a regular gradation—rise gra¬ 
dually with increase of molecular weight. 


Formula 


C.hgnni 

(CH|)»N 

SrfcH 


Physical Properties of some Typical 


Name B.P. <K) 

Mcthylamine 266 

Ethylaxnioc 292 

Trioiethylaminc 277 

Triethylaminc 363 

Cyclohexyl amine 407 


Aniline (Pbenylaminc) 457 


Amines 

Solubility in water 
Very soluble 
Very soluble 
Very soluble 
Slightly soluble 
Slightly soluble 
Insoluble 


Chemical. The chemistry of primary and secondary amines 
is comparable with that of alcohols, that of tertiary amines with 
that of ethers and that of alkyl ammonium ions with that 
alkyloxonium ions. 

0 0 

CHtNHt, (CHsJaNH (CH a ) 3 N (CH*)^ (CH a ),NH 

0 0 

CHjOH (CH a )jO (CH*),0 (CH a ) a OH 

Their reactions can be discussed under the following heads : 
(A) Reactions of the lone-pair electrons of Amine*. 
All amines have a lone pair of electrons and reactions involving this 
lone pair as given below are an important aspect of the chemistry of 
amines. 


(1) Basic Nature. Since the lone pair can be used to form 
a bond to a proton, the amines are basic in nature. Lower members 
arr stronger bases than ammonia. These are stronger bases than 
water and alcohols but weaker than hydroxide ion. 

(g) W4A water amimee give aOtyUmmamam hydroxide* which 
ionize to give hydroxide tons in solution (c/. ammonia which gives 
ammonium hydroxide). 
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RNH* + H*0 RNH r OH w* [RNH*]+ + OH* 

RtNH + H*0^ RflNHj.OH ^ {RaNH^-h OH" 

R a N + H*0 ** R 3 NH.OH ** [R a NH]+ + OH" 

Thus aqueous solutions of amines are alkaline in nature. These 
absorb carbon dioxide, give ferric hydroxide precipitate with ferric 
chloride and blue solution with copper sulphate. 

Mono-, di-j and trialkyl ammonium ions are weakly acidic in 
aqueous solutions. These react with a strong base and lose a proton 
to liberate the amine. 

0 0 

(CHaJ.NH! + OH -* (CH 3 )*NH + H a O 

Tetralkylamirtonium ions are not acidic since these have no 
proton on the positively charged nitrogen. 

Basicity of amines will be controlled by the availability of the lone pair 
/or protonation. At first sight, it would appear that as the number of alkyl 
groups increases, the lone pair wiLl become more available due to the +1 effects 
of the alkyl groups and the basicity of the amine will increase on alkylation. 
This, however, is not the case and the order of the basicity is : 

Alkyl Groups Relative Base Strength 

CHi— R t NH>RNH,> R a N>NH, 

C,H,— R,NH>RNH.> NH p >R a N 

(CH*)*CH— RNH a > NH 1 >R,NH>R,N 

(CH*) a C— NHi > RNH, > R,NH > R,N 

Two reasons suggested Tor this order are : 

(0 Steric effect. Addition of proton increases crowding resulting in strain 
which is maximum in tertiary amines. As a result the stability of this mole- 
cul e u reduced, 4.*., its basicity is reduced. 

This is borne out by the fact that as the size of the alkyl group increases 
thereby increasing the steric repulsion in the salts, the relative base strengths 
di mmis h until finally ammonia is the strongest base. 

(tf) Decrease in Sahmtion* All *onium ions carry a positive charge and 
arc stabilised due to solvation. The greater the size of the ion, the less will be 
the solvation and the less stabilised is the ion. 

In passing from secondary amine to tertiary amine the availability of the 
lone pair increases but the size of ion increases so much that it is less solvated. 
Stabilisation lost due to this decrease in solvation is greater than the inductive 
effect making the lone pair available for protonation. 

( 6 ) With acid* they give salts , e.g. : cthylamine combines with 
hydrochloric acid to give ethylammomum chloiide. 

G 1 H B NH tt + HCl -► [C*H fi NH a ]+Cl- 

tthylanune Ethylammomum chloride 

to show their relationship to the amines, the Lalts arc often written 
as (3iHB.NHi.H01 cthylammr hydrochloride, (CH f NHi)*.HiSOB, 
methylamine sulphate. 

Amine salts of chloropiaUmc acid, H 8 PtCl 3 are used for the 
determination of molecular weight of amines. 

(2) Alkylation. Amines are nucleophilic due to lone pair of 
electrons and can form a bond to carbon. They react faster than 
alcohols or water. For example, they react with alkyl halides to 
form a new N~*C bond. 
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.O r\ ?© 

CH*—NH*+CH*—Br-► CH,—N-CH 3 +Br 

H 

The ammonium ion produced loses a proton to a base to form 
dimethylamine. 

H 

I © 

CH a —N—CH 3 -f “OH-► CH 3 —N-CHa + H.O 


H H 

Thus on treating an amine with alkyl halide, hydrogen atoms 
of the ammonia residue are successively replaced by alkyl groups. 
Finally, the tertiary amine adds one more molecule of alkyl halide to 
form a quaternary compound. 

CH I CH I CH 1 

CH.NH* —l (CH 3 ) a NH —U (Cl! a 1 a N —U (CH 3 ) 4 NI 

Methylamine —HI Dimethylamine —HI Tnmethyl- Tetramethyl- 

(Primary) (Secondary) amine ammonium 

( Tertiary ) iodide 

When an amine salt is heated at high temperature, a molecule 
•of alkyl halide is eliminated (Reverse of alkylation ). 

Heat 

R a N,HCx -► R|NH + RC1 

ten, amine salt sec. amine 

RJNH.HCI-► RNH t + RGl 

sec. amine salt p. amine 

RNH«HC1+HCI —> NH 4 C1 + RC1 

p. ampe salt 

(3) Acylation. Acid chlorides react with primary and secon¬ 
dary amines and replace hydrogen atoms of the amino group by 
acyl group. (Formation of new N — C bond as in alkylation). 

CH.NH J, 4- CJ JCQCH,-► CHJS'H.COCH, + HCI 

IdctMsmine Acetyl Aoetyhocthylamine 

(Primary) chloride or N- Methylacoiamkto 

(CH.)^/H^rci)COCH, —*» (CH,) l N.COCH, + HCI 

Dimethylaniinc AeetyldimclhyUmino 

(Secondary) or JV,A-DimetKyI«oatuiude 

Tertiary amines are not acylated. 

(B) Reactions of the N—H Bondi. 

(*) D eprotonation. Amines can be deprotonated only by 
very strong bases. 

© © 

(C|H|)|NH + CHsLi —► (C3J«N Li + CH* 

However, as stated before, alkylammonium ions with at l^ast 
one N—H bond readily donate a proton to water. 

(5) Action of Bedlam Primary and secondary amines form 

salts when heated with sodium. 
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2RNH*+2Na-► 2 [RNH]“Na+ + H, 

2R B NH+2Na -► 2(R.N]-Na+ + H, 

(6) Action of Halogen*, Primary and secondary amines 
react with halogens in the presence of alkali to form halogeno 
amines. 

X»/NsOH X,/NaOH 

R.NH,-► R.NHX-► R.NX, 

Primary Monohalogeno Dihalogeno 

amine derivative derivative 

X,/NaOH 

R*NH-* RjNX 

Secondary' Monohalogeno 

amine derivative 

(7) Action of Nitron* acid. 

(i) Primary amines form alcohols with the liberation at 
nitrogen. 

HO IN [ O 

R|n(H* + HONO-► ROH + N t + H.O 

Primary amine Alcohol 

(i») Secondary amines form nitrosoamines (yellow oily liquids). 
ivgNj H + HQ 1XO-► R a N.NO + H a O 

Secondary amine Nitro so amine 

Nitrosoamines on warming with phenol and concentrated 
sulphuric acid give a brown or red colour which soon changes bluc- 
grecn. The colour changes red on dilution and further changes blue 
or violet on treating with alkali. This is Liebermaui’* nitroio 
reaction used for treating secondary amines. 

(m) Tertiary amines dissolve in cold nitrous acid to form salt, 
R a N.HNO|. This on warming decomposes to give a nitroso amine 
ajid alcohol. 

R a N.HNO a -► RjN.NO 4 -ROH 

(o) Carbylamine reaction. When heated with chloroform 
and alcoholic potash, primary amines give an offensive smell of car- 
bylamme. Secondary and tertiary amines do not give this test. 

C.H.N la, -r CUH jG + 3KOH-►C 1 H,NC+3KC1+3H i O 

Ethyiaminc Chloroform Alcoholic Ethyl 
(Primary) potash isocyanide 

(9) Action with Grignard crag eats. Primary and secon¬ 
dary amines give hydrocarbons with Grignard reagents. Tertiary 
amines do not react. 

l lH, + HjN HGHg .NHGH a 

Mgv Mcihylarain© -► Mg^ 4 * CH 4 

M nj Methane 

' Me thy I magnesium iodide 

Hl NR, .NR,? 

MsC Secondary amine -►Mg/ “4 C V H I 

M Ethan* 

Bthylm agnesJum iodide 
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(■) Primary anting form an alkyl derivative of dithiocarba- 
mic add which is decomposed by mercuric chloride to give alkyl 
iso-thiocyanate. This is Hofmanm’t mustard oil mutim used as a 
test for primary amines. 

S-C-S >NHR Hga, 


RNH t - 


S=C<^ 


SH —HeS 

—2Ha 


RN.C-S 

Alkyl 

iso thiocyanate 


a (6) Secondary amines form a dialkyl derivative of dithiocar- 
bunic add which u not decomposed by mercuric chloride. 


yrl 

R t NH + S=G=S- 


(11) Oxidation. All the three types bf amines can be oxidi¬ 
sed. The product droends on the nature of oxidising agent, dais 
of amine and nature of alkyl group. 

(а) Primary amines . 

KMnOg H.O 

RCH..NH,-► RCH=NH-► RGHO + NH, 

[O] Aldimine 

KMnOg HgO 

RyGHaNH)-► R 1 C=NH-► R 1 CO + NH, 

[OJ Ketimine 

(б) Secondary amines . 

H,SO f KMn0 4 

R,N.OH «-R a NH -► RgN—NR- 

Dialkyl- Carols acid Tetra-alkylhydrazine 

hydroxy lamine 

(e) Tertiary amines are not affected by potassium permanga¬ 
nate but are oxidised by Caro's acid or Fenton’s reagent to ami nr 
oxides. 

R a N + [O]-* R a N-*0 

tert. amine Amine oxide 

(G) Reactions involving N—C Bonds. Cleavage of N—C 
bonds of alkylammonium ions can occur if the ion can undergo 
attack by a nucleophile at the carbon atom. 

CH b 

©I ITS m - 

CH 3 —N-CH 3 : OH-► (CH.)^: + CH*OH 


RaCO + NH, 


KMn0 4 

-► RgN—NR- 

T etra-alkylhydrazine 


Cleavage of N—C bond also occurs by nucleophilic attack at 
a (1-hydrogen atom with the elimination of an amine. 

- 

CH f H - OH 

—► (CHa)»N i.+ CH.-CH, + H.O 


CH. 
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INDIVIDUAL MEMBERS 

7. MethyUsnine, GH*NH,.—Methylamine can be prepared 
by the general methods of preparation of primary amines. It is, 
however, conveniently prepared in the laboratoiy by Hofmann's 
Bromamide Reaction (see page 2‘30). 

Ezpt. Mix equivalent amounts of bromine and acetamide in a distilla¬ 
tion flask and add slowly 10% caustic potash solution until the reddish colour 
of bromine is just discharged. The mixture now contains a solution of acoto- 
bromide. To this is added an excess of concentrated solution (50%) of caustic 
potash and the flask warmed gently on a water bath at 330-340K. When the 
solution becomes nearly colourless, it is distilled and methylamine which distils 
over is absorbed in dilute hydrochloric acid. 

It can also be prepared by heating ammonium chloride with 
two equivalents of formaldehyde (in formalin solution). The yield 
is 45*51% based on the ammonium chloride. 

2H040+NH«CI-► CH.NH^Ha+HCOOH 

It is prepared industrially by passing a mixture of methyl 
alcohol and ammonia over a catalyst and separating methylamine 
from the. mixture of amines obtained by fractional distillation. 

Methylamine is a colourless gas (b.p. 256K) highly soluble in 
water, having a strong ammonia cal smell. Chemically it ig a typical 
primary amine and is used as refrigerant. 

B. Ethylamine, C,H*NH a .—It can be prepared by any of 
the general methods for the preparation of primary amines but it is 
prepared in the laboratory by Hofmann’s Bromamide Reaction as 
described under methylamine with the only difference that acetamide 
is replaced by propionamide. 

Br.+KOH >H KOH 

CaHjCONH,-► CLH fi CONQ-► C a H s CON<^ 

Propionamide Propion- ^Br (Unstable salt) Nj| r 

bromamide 


—KBr 


C,H B CON< 


Rearrangement 


C^H,—N =~C=( 
Ethyl isocyanate 


KOH 

-►CLHJVH, 

Euiybunina 


It can be prepared on a commerical scale by heating ethylene 
and ammonia under pressure at about 670K in the presence of cobalt 
catalyst when ethylamine and diethylamine both are produced. 


Co-cat 

CH,=CH, + HNH,-► CH,—CH 4 —NH, 

Ethylene Ammonia 670K Ethylamine 

MH^CH, + NHj-► (C # H,),NH 

Diethylamine 

Ethylamine is a colourless, inflammable liquid (b.p. 292K) with 
a fishy ammoniacal odour. It is highly soluble in water and gives all 
the general reactions of a primary amine. 

9. Dimethylamiite, (CH,) 1 NH.—A pure sample of dimethyl* 
Maine Un prep ared by heating p-nitroso-dimcthylaniline with strong 
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OHjH 

NaOH 

ONi jNfCH^-► ONi tl + (CH t ) l NH 

/^nitroso- p-nitroaophenol DimtliyKamfo 

dime thjlantlinc 

It can also be prepared by heating ammonium chloride with 
four equivalents of formaldehyde. 

4HCHO+NH 4 C1 —► {CHJjmMCl + 2HCOOH 
Dimetbylaminc 
hydrochloride 

It is a colourless gas (b.p. 280K) with an ammoniacal smell and 
finds use in dehairing hides and as a rubber accelerator. Chemically 
it is a typical secondary amine. 

10. Trimcthylamine, (CH a ) 3 N .—It occurs in the excreta o/ 
fish and is present in some plants and in the distillate from beet sugar 
molasses. In the laboratoiy, it is conveniently prepared by heating 
tctraroethylammonium hydroxide (see next page). 

Trimethylamine is manufactured by heating a solid mixture of 
•fflnoit'uin chloride and para/brmaldrhydc. 

2NH 4 C1 -f- 9HCHO-v2(CH 3 ) 3 X.HCl + 3CO SI -h3H a O (89%^ 

It is a colourless gas (b.p. 27(>*5K) and is used as a sounc o| 
methyl chloride. 

Heat ; pressure 

(CH a ) 3 N + 4HC1-► 3CH a Cl 4 NH 4 C1 

11. Distinguislung Tests between Primary, Secradary 
and Tertiary' Amines. —Thr various tests which may be employed 
to distinguish between three tvprs ol amines are tabulated below : 


Tes< 

Pr.’mjr} amines 

Secondary amimrs 

Tertiary amine* 

1. Treat with ni- 
roius o*id. 

Fnrm alcohols wfh 
the evolu.ion ol 
ml rope n {jre page 
2*309). 

Form only nitron 
amines which give 
Lieberman’s r.it- 
roso reaction (.<?<? 
page 2 309). 

Form tidy the 
nitrites in cold. 

2. Treat with chlo¬ 
roform and iil- 
loholic potash. 

Give obnoxious 

sipell of c^rbyl- 
l Wr\ins ( w page 
*2*309). 

No action. 

No actiou. 

9. Treat Mith Hins- 
lira’s reagent— 
benzene sulphonyl 
chloride. 

Give stilphciv mrife 
solunle m CmIiMic 
*; oda (see page 2 305). 

Give sHlpf.ona- 
mttle nuol ibic iq 
causuc ^oda (see 
page 2*305). 

No action. 

4. Treat with 

methyl iodide 
under ordinary 
pressure 

No action 

Wo action. 

Give quaternary 
vJiiupounda. 

1. Treat with 

acetyl chloride. 

Give amides ise* 
(mqt 2*308* 

Give amides (nr 
page 2*308). 

No action. 




AMINES 


2‘313 


QUATERNARY AMMONIUM COMPOUNDS 

12. Tetn-mlkyUmmoafam HbIMm,—T hese are prepared by 

the action of ammonia with excess of an alkyl halide or by tne direct 
action between a tertiary amine and an alkyl halide. 

(CH ? ),N + CH a I-► (CH,) 4 NI 

Trimethylamine Tctranwthylamroonium 

{Tertiary) iodide {Quaternary epd.) 

Quaternary compounds are white crystalline compounds soluble 
in water* These are completely ionised in their aqueous solution. 
(CH a ) 4 NI-► [(CHa) 4 N]++I- 

Thcse are decomposed on heating and yield tertiary amine 

Heat 

(CH a ) 4 NI-► (CH.).N + CH.I 

13. Tetra-alkylaramonium Hydroxides.—These are prepar¬ 
ed by tne action of moist silver oxide on tetra-alkylammonium halides. 

(CH 3 ) 4 _\I -+ AgOH-► (CH 3 ) 4 NOH + Agl 

Tciramelhyl Tetramcthylamnio- 

ammomum mum hydroxide 

iodide 

These ar. white,, dc liquescent crystalline solids, very soluble in 
^vafer. On liming lhr\ decompose to give tertiary amines. Tetra- 
oiethy^ammorium hviboxide gives trimethylamine and methanol. 
Higher members gi\ v (t ri . amine and an olefin. 

(CHj^OH-► (CH 3 ) 3 N + CHjOH 

TelrameLhylammoniu'n Trimeihylammc 

hydroxide 

(CzHs) |.\OH-► (GjH 5 ) 3 N + C.H. + H.O 

Tetradhylammomum T neihy lamine 

hydroxide 

Quaternarv copnnunds are strong bases (as strong as NaOH or 
KOH). This is her, u.-,c they are completely ionised in solution. 

fR v .in + 

R.NOH «=* >N< I + OH' 

l r x \rj 

14. Ascent and Descent of Series. — Preparation of amines 
by reduction of alkyl cyauidcs of Hofmann's bromamidc reaction are 
used for the Ascent and i) esc cut of homologous series explained in 
the examples given below : 

(i) Conversion r f AI* fhylai.tine into Ethylamine (Ascent of 

series). 


HONO P-1 l fl 

CH*NH c GH.OH -► CH 3 l 

(Vfethylamine Meihanol Methyl iodide 

KCN JfH] 

-► CH a CN -► CH 3 .CH.NH, 

Meihyl cyanide Na/C 8 H 4 OH Ethyl;mine 


(u) Conversion of Ethylamine intn A/fethylaminv 

series). 


HONO [OJ [O] 

C s H fl NH a ——C.H.OH -► CH.CHO-► 

Ctliylanine Ethanol Acetaldehyde 


(Descent of 

CH.COOH 
Acetic acid 
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NH. Heat Br.+KOH 

-►CH 1 COONH 4 -► GHgCSONH.-► CH t NH. 

Acetamide Mettgrtawiai 


QUESTIONS 

Eatay Type : 

1. What are amines 7 How are they classified 7 Discuss the general 
methods of preparation and the properties of aliphatic amines. 

2. Outline the methods available for the preparation of aliphatic primary 

amhm. How may primary, secondary and tertiary aliphatic amines be distingui¬ 
shed and separated from one another 7 {Delhi B.Sc. 1977 , 76) 

X What are amines T Haw may primary, secondary and tertiary 
aliphatic amines be separated from one another. 

(Delhi B Sc. 1978 ; Madras 1978) 

4. (a) How many isomers of molecular formula C,H f N and CfH»N are 

possible 7 Name them. (Agra B.Sc. 1962) 

(6) The formula C«HaN repre sen ts several amines. Write the structural 
formulae of these isomers and illustrate by equations bow each one of them reacts 
with (0 HNO>, (/!) CHjCOCl, (HI) CS„ and (fr) methyl iodide. 

(Allahabad B.Sc 1966) 

5. How will you prepare the following : 

(s) Ethyl isocyanide from ethylamine. 

(ft) Ije-propyl chloride from fa?-propylamine. 

(c) Ethanol from Proptonamide. 

(d) Methylamine from Ethylamine and vice versa. 

(t) Acetic acid from Propionic acid and vice versa . 

if) A primary amine into secondary amine and vice versa . 

1. How do primary, secondary and tertiary amines differ in their 

reaction towards nitrous acid 7 {Punjabi B.Sc. 1976) 

2. Give two chemical properties of Ethylamine. {Punjabi B.Sc. 1976) 

3. Using Hinsberg's reagent, give a scheme to separate a mixture of 
""Propylamine, diethylamine and triethylamine into its constituents. 

{Delhi B.Sc. 1976) 

4. How will you separate the constituents of a mixture of methylamine 
and dunethylaminc 7 Give one reaction to distinguish them. 

{Delhi B.Sc. Hons. 1976) 

5. How are primary, secondary and tertiary amines distinguished from 

one another ? (Only two tests are required). ( Delhi B.Sc* 1976 Sapp.) 

6. The amino group in ethylamine is basic whereas that in acetamide is 

not. Explain, why. {Delhi B.Sc. Hons. 1976) 

7. Write a note on comparative strength of the primary, secondary and 

tertmiy amines. (Drift! B>Sc. 1977) 

*. How can you distinguiih between methylamine, dimethylamine and 
trimethylamine ? (ZWfci B.Sc. Hons. Sub. 1978 Sapp.) 

9. In _ which order does the basic strength vary in the series primary, 
secondary and tertiary aliphatic amines ? How do you explain this ? 

{Madras B.Sc. 1977) 

N. What is carbylamine reaction t (Madras B.Sc. 1977) 

M. Why are tetraalkyl ammonium Iona not acidic 7 
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12, Haw can you prepare propose from N : N-d imethylpropyJainine 7 


1. With nitrous acid C,H,0,N (A) giv< 
Mnpi in the presence of a catalyst C,H f N ( 
C,H,0 (D) which oxidises to C.H«O ft (E), " “ 


ea CtHtOiN, 
. . <C). With si 
Identify the 


B (B) and with 
nitrous acid C gives 
■ AtoE. 


2. Derive the structure of a compound (A) from the following data : 

(4 The compound contains only carbon, hydrogen and ni troge n . It gave 
the following results on analysis : 0*6102% ; H—13*25%. 

(U) By the reaction of a-amyl nitrite and hydrochloric acid at 273K, 5*9 g 
of the substance liberated 2* B g of nitrogen at NTP. 

(WO 5*9 g of the compound formed a salt with 3 65 g of hydrochloric acid. 

{Lucknow BSe. 1966) 

3. An aliphatic organic compound A gave the following results : 
C-61*01%, H-*15*23%, N—23*74%. 


On tre a tment with nitrous acid A gave another product B which contains 
0*60*00% H—13*33% and no nitrogen. B on careful oxidation gave a com¬ 
pound C which gave iodoform on treatment with iodine and alkali and had mol 
wt 58. What structural formula would you assign to A, B and C 7 Explain the 
above reactions with equations. {Gwalior B.Sc. 1963) 


4. An organic compound containing C, H and N only was found to 
contain C-»61 *03, N«*23’71%. Its V.D. =29*5. On treatment with nitrous add 
it gave out nitrogen. Identify the compound and explain the reactions. 

{Agra B.Sc . 1963 Sapp A 


ANSWERS 


1 . 


2 . 


3. 


4 . 


yO 

A is CbH*— 

(Nitroc thane) 

C is CbHbNH. {Elhylamine ); 


B is CH,—O—NOb 

I 

NOH 


(Nifrolic acid) 

D is C,H,OH {Ethanol) ; 


E is CHaCOOH {Acetic acid). 

CHb.CHb.CHbNH. or 
n-Propylaminc 


(CH.).CH.NH 

Isopropylamine 


CH.. 

at y cmH - ■■ 

Isopropylamine 

(A) 


CH,. 

>CHOH; 
CH,/ 
Isopropyl 
alcohol 
(B) 


CH,. 

>c-o 

CH/ 

Acetona 

(C) 


CH,.CH S .CH, iNH, or (CH,) a CH.NH, 

n-PropyUmhic t so propylamine 


C,H,NH,+HONO —, C.H.OH+N.+H.O 
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Cyanogen Compounds 

1. latro^Actory.—The monovalent group —C m N was dis¬ 
covered by Gay Lussac in 1815 and named cyanogen as this group 
was present in Prussian blue (cyanogen=blue compound forming). 
Compounds containing this group are called cyanogen compounds 
and many of these have proved to be important synthetic reagents. 

2. Hydrocyanic add, Hydrogen Cyanide (Prussic arid), 
HCN.—It was discovered by Scheele (1782) who got it by the 
hydrolysis of amygdalin, glucoside present in bitter almonds. 

Acid 

C^H^C^N + 2H b O-► HCN+C 8 H 6 CHO + 2C<H n Ot 

Amygdalin BenzaJdehyde Glucose 

Hydrogen cyanide occurs in leaves of certain plants such as 

laurel. 

Preparation. (1) It is prepared in the laboratory by heating 
sodium cyanide with dilute sulphuric acid. The gas is dried over 
anhydrous calcium chloride. 

NaCN+H i S0 4 -► HGN+NaHSO # 

(2) It is prepared industrially by the following methods : 

(i) By passing a mixture of methane , ammonia and oxygen over 
heated platinum gauze (catalyst) at 127(fK. 

2CH 4 + 2NH.+ 30,-► 2HCN+6H b O 

(ii) By passing a mixture of carbon monoxide and ammonia over 
heated alumina (catalyst) at 770-970K. 

CO + NII 3 -► HCN + H f O 

Properties : Physical. It is a colourless, volatile liquid 
(b.p. 299K) miscible with water, alcohol and ether in all proportions/ 
It smells like bitter almonds and is a deadly poison. Even minute 
doses prove fatal. 

Chemical, (i) Hydrolysis. It hydrolyses slowly in aqueous 
solution.and more rapidly in acidic solution to give formamide and 
ammonium formate. 

H.0 HiO 

HCN —► HCONH,-► HCOONH 4 

Formamide Amm. formate 

(ii) Reduction. With nascent hydrogen, hydrocyanic acid is 
reduced to methylamine. 
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H H 

HCaN + 4[H]-> CH.NHL 

H H Methylanuao 

Uses, Hydrogen cyanide finds use in organic synthesis, «.p., 
in the preparation of cyanohydrins and aromatic aldehydes. It i* 
also used in killing insects and rats. 


S tr u ct ure of Hydrocyanic Acid, (i) Hydrogen cyanide gives 
rise to two series of alkyl derivatives—alkyl cyanides and alkyl iso- 
cyanides. It is, therefore, believed to exist in two tautomeric forms 
as given below : 


H—CaN v 

Hydrogen cyanide 
Oaves | alkyl deriv. 

R—CanN 

Alkyl cyanide 


C?=N—H 
Hydrogen isocyaoide 
Gives | alkyl deriv 

R—N=C 

Alkyl isocyanide 


(w) The belief, however, cannot be regarded as very satisfactory 
as all reactions of the acid, e.g. s hydrolysis to formamide and formic 
acid indicate the structure H—CnN. Moreover, existence of cyani¬ 
des and isocyanides can be explained without assuming tautomeric 
structure of the acid as follows : 

Potassium cyanide is an electro valent compound, K + [:CmN:]~ 
in which both carbon aiid nitrogen atoms have a lone pair. Out of 
these two, lone pair of carbon is more reactive and the potential 
alkyl carbonium ion preferentially attacks the carbon atom thereby 
producing alkyl cyanide. 

[ : GhN : ]“K+ + R —I-► R —C=N : + KI 

Alkyl cyanide 

On the other hand, silver cyanide, Ag—CanN : is a covalent 
compound. Whan treated with an alkyl halide, the potential 
carbonium ion is driven to the nitrogen to yield mainly 
alkyl iaocyanide. 

-A,I 

Ag—CM Nr +*— I-►[Ag—CaaN—R]*I“-► R—N=C : 

Alkyl isocyanide 

3. Alkyl Cyanides, It—C»N. 

Namsaclatnra. These are named cither as alkyl cyanides or 
as the nitriles of the acids which they produce on hydrolysis. The 
suffix -ic acid of the trivial name is replaced by -onitrile, e.g.. 


Formula 

H.O 

Correeoondinp acid 

Name 

mas 

H,0 

HCOQH 

(Formic acid) 

Hydsogca cyanide or 
Fonnonitrile 

CHfrCN 

H.O 

CHgCOOH 
(AooHc acid) 

Methyl cyanide or 
AcettfeiiriLe 

C.H.CH 


CaHftGOOH 

(Propionic add) 

Ethyl cyanide or 
Propionoidtrilc 


In the IUPAC system acyclic cyanides are preferably named 
subsfcitutively by adding the suffix nitrile to the name of the corre»- 
puMHwg hydrocarbon. For example, CH,CN is ethsnenitril* 
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C^HjCN is propancnitrilc and CHjCH—CHCN is 2-Butenenitrile. 
Cyclic nitriles are named by adding the Suffix carbonitrilc to the 
name of the ring system to which ON group is attached. For 
example 

o —ON is cyclohexanecarbonitrile 

As alternatives trivial names may be used for nitriles in 
instance? where the corresponding acid has an acceptable trivial 
name, e r; , acetonitrile for CH 9 CN and succinonitrile for 
NC-CH 2 —CH 2 —CN. 

Names such as succinonitrile imply that all COOH groups have 
been changed to CN groups. 

Preparation, (t) By heating an alkyl iodide with potassium 
cyanide in aqueous ethanolic solution. The isocyanide is also obtained 
though in small amount. 

R|1 IJr K| CN-► R.CNH-KI (g.) 

The isocyanide may be removed by shaking with dilute hydro¬ 
chloric acid which hydrolyses the isocyanide and does not affect the 
cyanide. 

HfOH HC1 

R.MC + 2H a O-► RNI^+HCOOH 

H»OH 

Tertiary alkyl cyanides cannot be prepared in this way as the 
tertiary alkyl halides readily eliminate a molecule of halogen acid and 
yield olefins on being heated with potassium cyanide. 

(n) Cyanides, particularly the lower members, may also be 
readily obtained by warming potassium alkyl sulphate with jotassiurr 
-a small amount of isocyanide is also obtained. 

R-) SO A —K+lt |CN-► R—CN+KtS0 4 (g.-r.f.) 

(iit) By the dehydration of acid amides with phosphorus pentoxide. 
High molecular weight acid amides are dehydrated by heat alone. 

P.0,. 

RCO.NH* -► RCN 

Acid amide —H,0 Alkyl cyanide 

(it?) By the dehydration of aldoximes with phosphorus pentoxide or 
better with acetic anhydride. 

(CH,C0),0 

RCH=NOH-►R.CN (g,) 

—H # 0 

(v) By the action of Orignard reagent with cyanogen chloride. 

yGl 

R— iKlg—Br+Cl —CN->• R—CN+Mg/ 

Gngnard reagent Cyanogen Alkyl N 'Br 

cblonoe cyanide 

fhc method is very useful for preparing tertiary alky) 
cyanides. 

(*») By passing mixture of carboxylic acid and ammonia over 
healed alumina at 770K — (Industrial Method). Possibly ammonium 
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salt is formed as an intermediate product which is catalytically 
dehydrated to the cyanide. 

NHj Al.O, AhO, 

RCOOH-►RCOONH*-► RCONH,-- RCN 

—H.O —H.O 

Properties ; Physical. Alky] cyanides are neutral substances 
with fairly pleasant smell. Lower members are liquids which are 
soluble in water. The solubility, however, diminishes as the mole¬ 
cular weight increases. They are all readily soluble in organic sol¬ 
vent*. These are not as poisonous as hydrogen cyanide. 

Chemical, (i) Hydrolysis. The alkyl cyanides are hydrolysed 
to acids by acids or alkalis. Amides are formed as intermediate 
products. 

H.O H.O 

R—GbN -* RGONH a -► RGOOH+NH, {g.-v.g.) 

Alkyl cyanide Acid amide Acid 

Partial hydrolysis of alkyl cyanide to acid amide may be effec¬ 
ted with alkaline hydrogen peroxide or moderately concentrated 
sulphuric acid. 

(it) Reduction. Reduction of alkyl cyanide with nascent hydro¬ 
gen (from sodium and alcohol) or catalytic reduction produces pri¬ 
mary amine. 

Na/C.H.OH 

RCaaN 4- 4[H]-► RCH E NH 2 

Alkyl cyanide Primary amine 

[Hi) Stephen's n act ton. Alkyl cyanides undergo Stephen's reac* 
urn to produce aldehvdes. 

SnCl. H.O 

R.GaN-► R.CH—NH.HC1-► RCHO 

4HC1 —NH.C1 

(iv) With Orignnrd reagent. They react with Grignard reagent 
and the addition products on hydrolysis yield ketones. 

.R Rv O.H. 

R # —CaN + M< -► pC= N—MgX 

X X R #/ 1 h|oh 

Addition product 

2H.O Rv >X 

-► }C=0 + NH a + Mg<f 

Ketone N OH 

4* Alkyl Isocyanidefi, Isonitriles or Carbyfamines. 

Nomenclature. These are named either as the alkylisocya* 
mdes or putting the prefix iso- before the name of the isomeric c*r- 
bonitrile. Their IUPAG names jtre derived substitutively. As a 
substituent NC is termed carbylamine. Thus CHaNC is carbyl- 

aminomethane and so on. 


Formula 

Isomeric 

nitrile 

Common name 

IXJPAC name 

CH.NC 

CH.CN 
( Acetonitrile ) 

Methylisocyanide 
cr Accto isonitrile 

Carbylaminom ethane 

C.H.NC 

C|H«CN 

(Propiortonirrile) 

Ethyl isocyanide 
or Propionoisonj trile 

Carbylsminoethanc 

CJrt.NC 

C|H|CN 

(Butyronitrile) 

Propyl isocyanide 
or Butyrohonitrile 

Carbylaminopropane 
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According to the 1UPAC recommendation? Radicofunctional 
names such as methyl isocyanide or class name isonitrile is also not 
recommended. Older names based on carbylamine have largely 
disappeared and should not be revived. 

Preparation. (») By healing an alkyl iodide with silver cyanide 
in aqueous elkanolic solution. A small amount of alkyl cyanide is 
alao obtained. 


RI+AgCN-► RNC+AgI 

(it) By heating a primary amine with chloroform and alcoholic 
potash. The isocyanidc obtained is free from cyanide. 

RNl ^+UaHl C + 3K.OH —* R.NC + 3KC1 + 3H.0 

Chloroform (Alcoholic) 

Properties : Physical. Isocyanides are colourless mobile 
liquids with intolerable smell. They are more poisonous and have 
lower boiling points than the isomeric cyanides. They are not very 
a liable in water. 

Chemical, (i) Hydrolysis . On hydrolysis with dilute acida, 
alkyl isocyanides yield an amine and formic acid. These are not 
hydrolysed by alkalis . 

HiOH 

HOH acid 

R.N|C + 2H a O-► RNHj+HCOOH 

/ 

(m) Reduction. On catalytic reduction or with nascent hydro* 
gen, alkyl isocyanidcs yield secondary amines. 

R.NC+4[H]-► R.NH.CHj 

(iii) Attion of Heat. Alkyl isocyanides, when heated for a long 
time, rearrange to give cyanides. 

R.NC-► R.CN 

($v) Addition of halogen, sulphur or oxygen. Alkyl isacyanides 
add one molecule of a halogen to give alkyliminocarbonyl halides. 

R.NC+X,-► RN-CX, 

With sulphur they form ?lkyl isothiocyanates. 

1LNC+S-► RN=CS 

These are readily oxidised by mercuric oxide to produce oily 
isocyanates. 

R.NC+HgO-► RNCO+Hg 

3. Mst^dsUaglasts ofBthyl Cyanide and Ethyl Isa 
cyanide.—Various tests employed foe distinguishing one from the 
other are summarised in the table below : 
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Test 

Ethyl cyanide 

Ethyl iMcynMc 

1. Small 

Strung but not unpleasant. 

Extremely unpleasant. 

2. B.P. 

314K. 

35 IK 

3. Solubility in 
water 

Soluble. 

Sparingly soluble 

4. Hydrolysis 

Gives propionic acid. 

Gives ethylamine. 

(Stable towards alkalis) 
C f H a NC+2H a O™ 

C a H a NH a -|-HCOOH 

with acid 

{Similar with alkalis ) 
C i H 4 CN4'2H i O»= 

C.HgCOOH+NH. 

3 Reduction 

Gives propylamine with 
sodium t alcohol. 
C.H.CN+4H* 

C.H.CHjNH. 

Gives etbylmcthylamine 
(secondary) on catalytic 
hydrogenation. 
C a H|NC+2H a « 

C l H t NH.CH a 


6. Cywogcii (Ethanedlnltrilr or oxalonitrile), C a N a .—It may be prepared— 

(i) By heating cyanides of mercury or silver. 

Hg(CN),-► C,N t + Hg 

{ti) By adding sodium cyanide solution to copper sulphate solution and 
heal big. 

2CuSO A -+4NaCN-► 2CuCN + C.N.+ZNa.SO. 

Cuprous 

cyanide 

(WH By dehydration of oxamidc with phosphorus pentoxbk, 

CONH a P 4 O ia CN 

i -► I 

CONH a —2H,0 CN 

Oxamide Cyanogen 

It is a colourless, poisonbus gas (b.p. —252K), very soluble in water. It la 
combustible and burns with a violet flame to give carbon dioxide and nitrogen. 
C,N a + 20.-► 2CO, + N a 

7. Cyanogen Chloride, Cl—CN.—It is prepared by passing chlorine into 
a cooled solution of sodium cyanide. 

NaCN+Cli —► CL—CN-f NaCl 

It is a colourless, poisonous gas (b.p. 285K), very soluble in water, alco¬ 
hol and ether. 

8. Cyanic Acid.—It is believed to be a tautomeric mixture 
or cyanic acid and isocyanic acid. 

H—O—C«N v* 0=C=N—H 

Cyanic acid Isocyanic acid 

Out of these two acids, derivatives of only isocyanic acid have 
been obtained, e.g., potassium isocyanate, KNCO and alkyl isoya- 
nates, RNCO. 

Prep a ration. Urea on distillation gives cyanuric acid which 
decomposes on heating to give cyanic acid vapours which are con¬ 
densed below 273K. 

distil Heat 

SCOfNHJg-► (HOCN)s -► 3HOCN 

Urea —3NH a Cyanuric acid Cyanic acid 

Properties. It is a colourless, volatile, strongly acidic liquid. 
Above 27§K it readily polymerises to cyanuric acid. 

In aqueous solution it gives carbon dioxide and ammonia du? 
io hydrolysis. 

TOC-I M't3’2; 
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H-Sj&C-O+H.O —► CO.+NH, 

9. Alkyl Isocyanatei, R—N=C=0. 

Preparation. Alkyl isocyanates can be prepared^- 

(s’) By heating alkyl iodides with silver or potassium isocyanates. 

C.H.fl + Ag|NCO-► C,H 4 NCO + Agl 

Ethyl isocyanate 

(ti) By the action of carbonyl chloride m primary amines . 

RN |H, + cg c=c> -V R—N=C=0+2HC1 

Alkyl isocyanAte 

Properties. These are colourless liquids with suffocating 
odours* They gradually polymerise to give cyanuric esters. On ' 
hydrolysis with alkalis they form primary amines. 

HfOK 

R—N =C=0+2K0H-► RNHj+K-GO. 

HOK 

They react with alcohols to give N-substituted urethans which 
are well-defined crystalline solids and arc used to characterise 
alcohols. 

RNCO + R'OH-► RNH.COOR' 

N-substituted urethan 

With ammonia they give substituted ureas. 

R—N=C=0 + HNH a -► RNH.CO.NH, 

Substituted urea 
QUESTIONS - 

Eafeay Type: 

1. (a) How is hydrocyanic acid prepared 7 What are its important 
properties 7 Describe the action of hydrolysing and reducing agents on it. 

( b ) Describe the importance of hydrocyanic acid in organic chemistry foi 
synthesis purposes. 

2. How are cyanides and isocyanides prepared 7 What are their pro¬ 
perties and bow are they distinguished from one another ? 


3. How is acetonitrile prepared 7 What are its important properties 7 

4. Discuss critically the structural formulae of alkyl cyanides and alkyl 
fesocyankles. How can these classes of compounds be prepared and distinguished T 


S. Explain by examples the isomerism of carbylamines and nitriles 
How is each class of these prepared 7 How can the formulae assigned to each 
be proved to be correct 7 Give equations. 


Short Answer Type: 

Explain how you would proceed to distinguish between : 

1. Methyl cyanide and Methyl isocyanide. 

2. Ethyl cyanide and Ethyl isocyanide* 

3. Cyanides and Isocyanides. (Rajasthan R.Sc. 1971 ) 

4. Give electronic mechanism for the reaction of ethyl iodide with 
l J) KCN and (it) AgCN. 

5. Write equations for the reactions, if any, between : 

(1) Alkyl cyanide on (0 Hydrolysis; (ii) Reduction ; (iff) Stephen's 
re a cti on j (b) with RM|X« 



6. Give the prep a r ati on and 
kid ; (c) Alkylitocyenetea. 


propertie* of (a) cyanogen; (6) cyanic 





Organometallic Compounds 




1- Introduction. —Organic compounds in which a metal if 
uneedy linked to carbon are termed vrgavometaUic compounds. For 
example, 

CfH ft sQfit 

Z< „ Pb(CjH a ) 4 

I C|H| 

Ethylmagnesium Diethyl zinc Tetraethyllead 

iodide 

These may be largely ionic or largely covalent. The ionic 
character of the carbon-metal bond depends on the nature of the 
metal. It decreases in the order given below : 

Na > Li > Mg > A1 > Zn > Gd > Hg 

Thus organometallic compounds of alkali and alkaline earth 
metals consist of ions or ion pairs. 



RNa 

Alkyl sodium 


R—CraCNa 
Sodium alkynide 

Lithium compounds are, 
hydrocarbon solvents. Some organometallic compounds of transition 
metals and group IV elements are covalent. 

R 4 Sn R 4 Si * R—CaG—Ag C,H 5 —HgCl 

Tetra alkyltin Tctra alkylsilane Silver Phenylmercuric 

alkynide chloride 

Some organometallic compounds are prepared from the res¬ 
pective alkyl or aryl halides in hydrocarbon or ether solvents. 

CgHjBr + Mg-► C t H s MgBr 

CHJ + Zn-> GH s ZnI 

C^HgBr + 2Li-► C 6 H 6 Li + LiBr 

Some hydrocarbons are sufjiciently acidic to react with the 
metals directly. 

370K 

R—CaaC—H + Na-► R—CaaC—Na + JH. 

Most widely studied and most useful organometallic compound! 
are those of magnesium. Recently lithium compounds are becoming 
increasingly important in organic synthesis. 

Organometallic compounds are mostly colourless, mobile 
liquids having low boiling points and are generally very unstable. A 
number of these burn violently in air and are roatlily decomposed by 
water and alcohol. 


RMgX G 0 H«Li 

Alkylmagncsium PhenylLthium 
halide 

{Grignard reagent ) 

- +* - 

RZnR 

Dialkylzinc 

however, fairly covalent and dissolve in 
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ORGANOMAGNESIUM COMPOUNDS 

2. Tke Grignard Reagents.—The alkylmagncsium halides, 
R—Mg—X were introduced by the French chemist, Victor Grignard, 
in 1900 and are termed Grignard reagents. These are extremely 
valuable synthetic reagents and are being used on a large scale at 
present. 

Preparation. A Grignard reagent is prepared in the laboratory 
by the interaction of dry magnesium turnings with alkyl halide in 
presence of dry alcohol-free ether. 

RX+Mg-► RMgX (v.g.-cx.) 

It has been found that for a given alkyl radical the ease of for¬ 
mation of a Grignard reagent is 

Iodide>Bromidc> Chloride. 

Similarly for a given halogen atom, the ease of formation is greats 
with smaller alkyl group than with bigger ours, e.g. 9 
CH,I > C,H fi I > C,H 7 I. 

Since tertiary alkyl iodides 
arc readily decomposed to yield 
olefins, tertiary alkyl chloride? 
are used in their place. 

Experiment. Clean magnesium 
turnings (1 g atom) with 5-10 times 
their weight of dry alcohol-free ether 
are taken in a two-necked round- 
bottom flask. The flask is fitted with 
a reflux condenser carrying calcium 
chloride tube at its upper end in one 
neck and a dropping funnel carrying a 
calcium chloride tube at its upper end 
in ihe other neck. The alkyl halide 
(7 molt) dissolved in ether is taken 
in the dropping funnel and slowly 
dropped in the flask. 

It is usually necessary to warm 
the mixture or add flakes of iodine 
( catalyst ) to start the reaction. Once 
the reaction starts, it often becomes 
vigorous and it is necessary to cool 
the mixture to prevent it from becom¬ 
ing violent. 

A clear solution of Grignard 
reagent is obtained after the reaction 
is complete. This is used as auch in all 
reactions and never isolated. 

Precautions. (/) As a slight 
trace of moisture will prevent the reac¬ 
tion, the reagents used should be pure 
and dry. These must be kept away 
from the effect of moisture. 

(i«) Ether should be washed 
with water to free it from alcohol ant! 
dried over anhydrous calcium chloride 
for 2-3 days to remove alcohol and 
moisture. It should be finally distilled 
over sodium and P«O lf to remove last 
traces of water. 


Victor Gftauurd (1B71-I935)— French chemist ; won Nobel Frige in 
Chemistry in 1912 for his contribution to synthetic chemistry principally on the 
usefulness of the reaction which takes his name. 



Fig. 29 1—Preparation of 
Grignard reagent. 
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(Hi) Magnesium turnings should he treated with ether to remove mease 
and then dilute hydrochloric acid to remove oxide film. They should be feaQy 
dried in an oven at 380-390K. 

(tv) The alkyl halides should be dried by distilling over phosphorus penta- 

oside. 

(w) The apparatus— flask, condenser and funnel—should be completely 

dry. 

3. Structure of the Grignard Reagents.— Structure of 
Grignard reagent in ethereal solution has been the subject of much 
research and many formulae have been proposed. Jolibois (1912) 
suggested that it was the loose molecular complex RfMgtMgX*, 
whereas Schlenk (1929) suggested the following equilibrium : 

2R-MgX R^Mg+MgX,. 

They found that a mixture of dialkylmagnesium and magne¬ 
sium halide in equivalent proportions behaved exactly as a. Grignard 
reagent. This, however, can be explained by the dissociation of the 
Jolibois complex, RfMg.MgX, 

RjMg.MgX* v* R,Mg+MgX* 

According to Ubbelohde (1955) RMgX is dimeriaed and solvat¬ 
ed in ether ancHhc following equilibria are possible. 

A B 

R B Mg.MgX s ** R*Mg+MgX, w* 2RMgX 

According to Ashby (1967), composition of Grignard reagent 
in ether is as given by the following equilibrium ; 

etc. f*Dimer R 2 Mg + MgX* ** 2RMgX s* Dimen^ctc. 

The association increases with concentration and is extensive 
at 0’3 M and above. The monomer and dimer coordinate with 
el her molecules as shown below : 


R v ^ OEt » 

r/ 'SoEt, 


R R 

\ / 

Et,0-»Mg —X-*Mg—X 

/ \ 

Et t O OEt, 

Monomer Dimer 

(dicthcratc) (trietberatc) 

In this book, the formula RMgX will be used to designate a 
Grignard reagent. 

4. Pr op erti es : Physical. Grignard reagents are colourless, 
nonvolatile solids. They are, however, seldom prepared in the 
solid state. They do not ignite in contact with air. 

Chemical, (t) Addition reactions with compounds containing 
groups : 

>C=0, —*CmN or ^C=*S 

In each case the alkyl group attaches to the carbon atom and 
the fragment MgX to the oxygen or nitrogen atom. 


s>C=*0 


+ Mg<^ 


R—C—O—MgX 
Addition product 


—CmN + 




.> R—“J 


X 


R—C*N—MgX 
Addition j.roduct 
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The addition products decompose with water or dilute add and 
yields of the products are usually g.-v.g. 

▼ HfOH v y on 

R—C—O—|MgX+H g O —► R—C—OH+Mg^ 

I HlOH | yOH 

R“C«| N~| MgX+H^O-► R—C=0+NH a +Mg^ x 


(ii) Double decomposition with compounds containing active 
hydrogen atom or reactive halogen atom. Active hydrogen atom is 
one joined to an oxygen, nitrogen or sulphur atom. As a result of 
double decomposition the alkyl group combines with the active 
hydrogen to yield alkanes. 


„|ch,+ h! oc,h, 

Mg£ Ethanol — 


Mg: 


OC,H, 

I 


y JC,H,+H|NH.CH 1 yNTI.CH, 

■r U«tiivliimirte-► Mgr 


Mg^ Methylamine 




+ CH, 
Methane 


*C,H. 

Ethane 


Mg<( j 


± RH 

Alkyl iodide “ 
containing reactive 
halogen atom 


R—R' 

Alkane 


+ Mgl, 


Experiments have shown that reactive, halogen atom reads very 
muck faster than other groups (>C=*0 ;—CaN, etc.). 

5, Synthetic Uses of Grignard Reagents. —Grignard reagents 
are one of the most reactive compounds known to an organic chemist. 
These are used for the synthesis of a very large number of organic 
compounds given below : 

(1) Alkanes. Grignard reagents undergo double decomposition 
with water, alcohols and amines (compounds containing active 
hydrogen) to produce alkanes. 


JCH,+H|OH 

M <- 

Methylmagnesiuxn iodide 


CH. + 

Methane 


Mg 


/ 

\i 


OH 


Mg 


Mg- 


I CH.+H lOCJi, 

' Ethanol 

N I 

y |CH,+H|NHC*H* 
' Ethylamine 


\, 


CH. + 


CH| + 


M S\ 


OC.H, 

I 


M *\, 


^NHCjH, 


These reactions are quantitative and methane liberated be 
measured. This gives us a method for the estimation of OH and 
amino groups. 




Higher alkanes are obtained when Grignard reagent is treated 
with an alkyl halide (compound containing reactive halogen atom). 


CH 9 iMgl +1 fCjHi —► GH a <C f H d + Mgl t 
Propane 

(2) Alkenes. These are obtained by the action of umaturated 
halides on Grignard reagent. 

CH 3 |MgBr+Br|CH a -CH«CH*—►CH 3 .CH a .CH«CH 1 +MgBr a 
Allyl bromide 1-Butene 

Alkenes are also obtained from tertiary alcohols which are 
formed by the interaction of a ketone and a Grignard reagent [oen 
property ( 6 )]. 

Heat 

(CH a ) 3 COH-► (CH 8 ) 8 C=CH a +H 1 0 

(erf. Butyl alcohol Isobutene 


(3) Alleyn es. Lower alkyncs with active hydrogen atom 
undergo double decomposition with Grignard reagents. The product 
reacts with an alkyl halide to give higher alkyne. 


GH a .C»C| H + GHj Mgl 


Propyne 


Double 

-v 

decomposition 


CH 3 C»C—Mgl + CH 4 


CH 3 .CaC.lMgH- T|CII,-► CH a C®C.CH, + Mglj 

- 1 2-Butyne 


(4-) Primary Alcohols. 

(i) By the action of Grignard reagent on formaldehyde and 
hydrolysis of the product with dilute hydrochloric acid . 

>CH S HlOH 

HCH=0+MgC -► CH s .CH,0|MgI 

Addition product 

Dil. /OH 

-► CH„.CH,OH+Mg/ 

HC1 Primary alcohol M 


(ii) By the action of Grignard reagent on ethylene oxide . 


CHjv >CH a 

| >0 + Mg( 

CH/ M 

Ethylene oxide 


CH 3 .CH a 

-► | Hi OH 

CH a —O’Mgl 
Addition product 

H fl O /OH 

-► CH 3 .CH ? .CH ? OH+Mg<" 

n-Propyl alcohol M 

(Primary) 


(5) Secondai jy Alcohols. These are prepared by the action of 
Grignard reagent on\ aldehydes other than formaldehyde . 


CH..CH -Off Mg^ CH *-► CH "^)CH— OMgl 

1 N CH/ 

Addition product 
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CH, / ' CH/ ’ X I 

Addition product Iscpropyl alcohol 

[Secondary) 

(6) Tertiary Alcohols. These air pieparcd ly the action of 
Gripnard reagent on lhtonej. 

GH»v /CH a CIl 3 v HI OH 

^>C= 0 +MgC -► CHj-^C—OlMgl 

CH.^ X I CH,' 


ViH—O 


CH 3>v yO 

>CHOH + Mg<f 
□H/ Nj 


GH/ 

Acetone 


Addition product 
CH s v 

nu >n rkr? 


CH a —)C—OH + Mg' 
CH,' X I 


tert . Butyl alcohol 

(7) Ethers. Higher ctlirrs arc prepaicd by the action of 
Grtgnard reagent on a monochlorocther (a compound containing 
reactive halogen atom). 

_ XI 

RO.CHj'GI -f XMg)R'-»• RO.GIIj.R’ +MrC (g.) 

Higher ether 

(8) Aldehydes. These arc prepared by the action of Gurnard 
ici-gent with— 


(») Ethyl formate. 

yO yR f ,,OM| 

H-GT +Mg'-► [ RCI< 

X OC,H S X X L X OC B l 

Addilion product 


OMgX ' 
PCjH, . 


-► RCH=OfMg<' 

Aldehyde ^CX\H a 

A secondary alcohol i* obtained if Grignard reagent used is in 
exct&r. Aldehyde produced reacts further to give secondary alcohol. 

(it) Ethyl orthoformate . A better yield of aldehyde is obtained 
with this since the formation of secondary alcohol is prevented by 
the formation of an acetal. 

CH OC H 

H C(OC,H 6 ),+Mg<' CH,CH(OC 1 H i ),+Mg^ * 

Jcrrriiofonnate nj Acetal ^1 

Acid 

CHXHCOCjHJ.-► CHjCI-IO + 2CjH,OH 

Acetal Acetaldehyde 

[Hi) hydrogen cyanidr. 

/CHj OiH« 

H.CwN+MgC -► CH 3 .CH= I NlMgl 

M jh|oh 

Addition product 

, 2 H t O A 

-► GilXHO +NH a +Mg' 

Arctaidchvde '‘OH 
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(9) Ketones. These are prepared— 

(») By adding tin alkyl cyanide to Grignard reagent and decompoe 
tmg die addition product with dilute acid. 


R.C*N - 

Alkyl cyanide 


Mg 


/* 

X x 



H. 

N 

H 


|^ X 


2H.O Rv y 

—*. R J>C=0 +NH,+Mg(^ 


Addition product 


X 

OH 


K clone 


fii) With i rid chlorides. The- reaction is quite rapid and some 
tertiary alcohol is also formed due to the action of Grignard reagent 
on ketone produced. 


Mechanism of the reaction is not certain but it appears to he 
additive and not double decomposition. 


yO 

R-C' + 
X Ci 

Acyl chloride 


/ R 

\ 


r 


R\ c /OM g X'| 

L R (/ ^Cl J 

Addition product 


«-v 

>co 

R'' 


M < 


Cl 


(10) Carboxylic Acids. These are prepared by reacting 
Grignard reagent with solid carbon dioxide and decomposing the 
addition product with dilute acid. 


yO y CH 3 /° 

-j- Mgy -► CH a —G —O Mgl 

X I H OH 

Addition product 


H.O /° A 

-► CH,—C—OH + Mg' 

Acetic acid \(JH 

(11) Esters, An ester is produced when Grignard reagent 
(1 molecule) reacts with ethyl chloroformate (1 molecule). 

C.H s |MgI 4- Cl|COOC,H*-► CjHjCOOCjH.+Mg/ 1 

fcrhylmagnesium ~ Chloroformic Ester ^G1 

iodide ester 


(12) Alkyl Cyanides. These are prepared by the interaction 
of cyanogen chioiide and a Grignard reagent, 4 

CgHgGN + Mg<^ 
Ethyl cyanide X C1 


CigHilMgl ± C1|C N 


Cyanoger chloride 
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C^Hg lMgl + Cl |NH,-► C,H S NH, + Mg<^ 

Chloramine Ethylamine ^Cl 

(13) Thioalcohols. This can be prepared by the action of 
sulphur on Grignard reagent and hydrolysis of the addition product 

OHiH 

yR JSR HjO yOH 

MgC +S-v Mg( -► RSH + MgC 

X X X X X X 

Addition product Thitulcohol 

(14) Dithioic Acids. These may In* prepaied by the action 
of carbon disulphide on Grignard reagent (cf. caibox\lic acids). 

S i 

>5 /R /H IOH 

Cf +Mg' -► R—C—S MgX 

Addition product 


H,0 / S /OH 

-► R—G—SH -f Xlgv 

Dithioic acid ^ 

(15) Sulphuric Acids. These may be pu pared by passing 
sulphur dioxide into a well-cooled solution of Grignard reagent 
when magnesium complex of a sulphinic acid is pi ^cipitated. This 
is hydrolysed to get the sulphinic acid. 

O 

yR /H : OH 

Mg<, + SC -► R-S-Oi MgX 

X X x o 


H,0 /° /OH 

-► R—S— OH +Mg<" 

Sulphinic acid 

(16) Alkyl Iodides. Alkyl iodides may be prepared by treat¬ 
ing alkylmagnesium chlorides or bromide with iodine. 



<R + I -I 

fir 


-► RI + Mg^ 

X Br 


(17) Organometallic Compounds. Grignard reagents react 
with metal chlorides to give organometallic compounds. 

/Cl 

HgCJ,+2CjH 6 MgI -► (OjH 6 ) 2 Hg + 2Mg< 

Diethylniercury 

Cl 

2PbC) f + 4C g H e MgI —*• (CjH^^Pb + Ph + 4Mg/ ' 

Tetraethyllead >■! 

Limitations of Grigaard Synthesis.—The high 
reactivity of Grignard reagent makes it useful in organic synthesis. 
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therefore, to be kept in mind while selecting the halide that is to 
become Grignard reagent and when we select the compound with 
which it is to react. 


In the preparation of Grignard reagent we have learnt that 
the ether used as a solvent must be scrupulously dried and freed 
from alcohol. Apparatus and reagents should be perfectly dry ^ and 
the reaction system must be protected from water vapour, carbon 
dioxide and oxygen of the air. 

We cannot prepare a Grignard reagent from a compound which 
contains, in addition to halogen, some reactive group like —OH 
which will react rapidly with the Grignard reagent produced. For 
example, HOCH^-CH^Br gives a Grignard reagent which reacts with 
the active —OH group in another molecule to give the unwanted 
product, HOCH^CH*—H. 

Similarly, aryl halides containing reactive substituents (a.?., 
—COOH, —OH, —NH a and —SO 3 H) in the benzene ring cannot 
be used since Grignard reagent obtained will at once react with the 
reactive group present in another molecule. Grignard reagent gives 
addition products with >C—O, —COOR and —C™N groups. 
The nitro group oxidises a Grignard reagent. Hence none of these 
groups should be present in the nucleus. 


Thus it turns out that only a few groups (< e.g —R, —Ar f 
—OR and —Cl) may be present in the halide molecule from which 
we prepare a Grignard reagent. 



Mg 

ether 


MgBr 


C.H,/ 

N G 

Grignard reagent 


G should not be —COOH, —OH, —NH*, —SO*H, >C=»0, 
—COOR, —CanN, —NO, and many others. 

G may, however, be R, Ar (aryl group), —OR, —Cl. 

By the same token, the other compound with which a Grignard 
reagent is to react must not contain other groups that are reactive 
towards a Grignard reagent. For example, a Grignard reagent adds 
to a carbonyl group (>C= 0 ) but it would be decomposed before 
it could add to the carbonyl group in the following compounds 
which contain the groups —NO a > —NH a and —COOH respectively 
that are reactive towards the Grignard reagent. 


CH =0 

o 


iU0^O° 


!OOI 


m-Nitrobcnz- 

akkhyde 


O 


l-Benzoylbenzoic grid 


O 



p-Aminooccto- 

phenooe 


Special precautions have to be taken while preparing com¬ 
pounds with the help of Grignard reagents. We should not only 
—to the ffratm we happen to be interested in# 
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but also bear in mind the possible interference by the other Tunc* 
taonal groups present in the molecule. 

Thus we iind there are severe limitations on the use of Grig* 
nard reagent in organic synthrsis but the number of acceptable 
combinations is so large that the Grignard reagent is one of the 
most valuable synthetic tools in the hands of the organic chemist. 

ORGAN OZINC COMPOUNDS 


7, Dialkylzincs .—The dialkylzincs were the first organo- 
metallic compounds discovered by Frankland in 1849 while 
be vas trying to prepare the cth) 1 radical by removing iodine from 
ethyl iodide by means of zinc. 

Preparation. Dialkylzinc can be prepared by heating alkyl 
iodide with zinc in an atmosphere of carbon dioxide and distilling 
the product, alkylzinc iodide in an atmosphere of carbon dioxide. 

Rl+Zn-► R—Zn— I 

Alkylzinc iodide 

2RZnI-► R,Zn + Znl, 

Dialkylzinc 

The yield of dialkylzinc may be increased by carrying out 
distillation in vacuo. The best yields of the compound arc obtained 
by taking zinc-copper couple or zinc-copper alloy in place of zinc. 

Dialkylzincs are colourless volatile liquids with unpleasant 
smell and low boiling points r(CH a ) t Zn, 319K J (CgHgjgZn, 391K]. 
They are spontaneously inflammable in air (hence the necessity of 
carbon dioxide atmosphere in their preparation). They burn the skin. 

Their wee in Organic Synthesis. Dialkylzincs have been 
used in various synthetic reactions. Owing to the difficulty in hand¬ 
ling them and because better synthetic reagents are known, their use 
is restricted to tho following preparations : 

(i) Preparation of hydrocarbons containing quaternary carbon 
atom. For example, neopentane is prepared by the action of dimethyl 
line on tert. butyl chloride. 


(CHj)gCCl+(CH 1 ) a Zn (CH 3 ) 4 C + CHgZnCf 

tert. butyl chloride neopentane 


(/■•/■»■) 


Dialkylzincs do not react with primary or secondary alkyl 
halides. 


(t'i) Preparation of ketones. Dialkylzincs react with acid 
chloiides to give ketones. 


R'COCl 4- R,Zn -*■ R'COR + RZnCl 

Acyl chloride Ketone 




Ketones are isolated in good yield because dialkylzincs react 
very slowly with them. 

(lit) Beformatsky reaction (1887). It is the reaction in absolute 
ether between an «-bromo ester and a carbonyl compound (aldehyde, 
ketone or ester) in the presence of zinc to get a P-hydroxyester. 
Zinc is added to the mixture of bromoacid ester and carbonyl com. 
pound in absolute ether and then warmed. 
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The a-bromoester and zinc react in ether to yield an inter¬ 
mediate organozinc compound which then adds to the carbonyl 
group of the aldehyde and ketone. 

Zn 

BrCHoCOOCaH.-► BrZnCH 8 COOC 1 H, 

Ethyl bromoacetatc Intermediate organozinc 

(a-bromoester) compound 


CH,. 

BrZn.CH 1 COOC t H s + > 

ch 3 ' 


c=o —► 


ch 3 

I 

CH 3 -C—CH.COOC.H, 
OZnBr 


GH. 



CH.—C—CH s COOC 1 H, 


OH 

Ethyl [J hydroxyisovalerate 

ORGANOLITH1UM COMPOUNDS 

8. AlkylUtbinms —Orgaaoalkali compounds—the alky* 
lithiums, the alkylsodiums and alkylpotassmms—have beex 
prepared. These, like the organomagnesium derivatives, are ver> 
reactive and have been found to be more useful than the Grignatd 
reagents for some syntheses. Alkyl lithiums are briefly discussed 
below : 

Preparation. (1) Some organolithium compounds can 
prepared by heating an alkyl or an aryl halide in ether or benzene 
with metallic lithium, e.g. 3 

RX + 2 Li-► RLi 4- LjX 

Alkyllithium 

CH a .CH 4 .CH 2 .CH a Cl + 2Li-► OH 3 .CH 2 .CIL.CH B LH-LiC 

n- Butyl chloride n-ButvlIuhiuni 

Alkyl bromides and iodides usually undergo Wurtz reaction 
Alkyl chlorides, aryl bromides and aryl iodides t*iv t* good yields o 
lithium compounds. 

(2) Halogen-metal exchange. Many alkvllithium 5 : can be pi^ 
pared by an exchange reaction by heating a suitable alkyllith.um 
(usually n-butyllitliium) with an appropriate alk\l halide. 

RLi + R'X-► R'Li + RX 

(R is usually n-butyl radical.) 

Properties. The alkyllilhiums are either colo urh ss liquids or 
solids with low melting points. They are insoluble covalent com¬ 
pounds which may have partial ionic character according to the 
nature of the alkyl group. Thus methyllithium is covalent while 
n-butyllithium has considerable degree of polarity (due to partial 
ionic character). 

Alkyllithiums behave, generally, like Grignard reagents but 
etc more reactive. A few examples of their reactions are given 
on the next page. 



2.334 


ORGANIC CHEMISTRY 


(1) C t H,Li + H£> 

n-Butyllithium 


C«H la 

n-Butane 


+ LiOH 


(2) 3CH,Li + AuBr,-► (CH,),Au + SLiBr 

Aunc Tnmethylgold 

bromide 

O 


(3) (a) Rli + OO f 


R—C—OLi 
Addition product 

O 


o o 

» H+ ,1 

(6) R—C—OLi-► R—C—OH 

Hydrolysis Acid 

O R R 

II RLi I h+ I 

(c) R—C—OLi-► R—C—OLi--—►R—C=0 

i Hydrolysis Ketona 

Li 

Carboxylic acids may also be used directly to prepare ketones. 


R—C—OH + LiR' 
R' 

I 

R—C—OLi 

d»Li 


O 

II LiR' 

R—C—OLi * 


>c=o 

R'' 


Ketone 


(4) With aldehydes secondary alcohols are formed (formaldc- 
hyde gives primary alcohols) while ketones give tertiary alcohols. 

C,H 6 Li —^ C « H ‘W H 

Phenyllithium C a H s ^ ^OLi C 0 H * \qjj 

Addition compound Diphenylcsrbinol 

Yields are better than in case ol* Gngnard reagents. 

i c ^ ri ^ ar ^,, re a?ents, alkyllithiums can add to an 

olefime double bond (C=C). This reaction can be used for aUpvina 
up the chain, e.g., rtr ^ 


C,H,CHO 0 6 H H 

C t H 6 Li -► yc ' 

Phcnyllithium C B H 5 ^ ^OLi 

Addition compound 


CM* CH 8 .C 4 H, HCHO 

lithium 

CH, 

CHeC^Hf CH t HCHO 

(W I -► C 4 H,.(CH,) 4 .Li-- 

CHtLi 

CiH«(CH^) 4 .C9l a OH, etc. 
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A mixture of alcohols containing 7 to 13 carbon atoms is 
obtained. 

ORGANOLEAD COMPOUNDS 

9. Tetraethyllead, TEL.—The only organolead co npound 
which is important is tetraethyllead. It is of greatest industrial 
importance and is commonly referred to in the industry as TEL. 

Preparation. This is manufactured by heating ethyl chloride 
with sodium-lead alloy under pressure. 

4C 1 H ft Cl+4Na/Pb -► (C*H 6 ) 4 Pb +3Pb+4NaCl 

Tetraethyllead 

Tetraethyllead in the reaction mixture is distilled off with 
superheated steam at 473K. 

Properties. Tetraethyllead is a colourless liquid (density®* 
1*659 ; b.p. about 473K). It is insoluble in water but soluble in 
rther. It is highly poisonous and requires special precautions in 
handling. It is absorbed both by the lungs and through the skin. 
It is a purely covalent compound. 

C*H S 

C,H,—Pb—CjH, 

I 

.C.H, 

Uses. It is used for raising the octane number of petrol (see 
page 2‘85). One part of TEL per thousand parts of petrol is used. 
To prevent lead from being deposited in the cylinder head, small 
amount of ethylene bromide is added. This converts lead into lead 
dibromide which is sufficiently volatile and is removed with the 
exhaust gases. 

QUESTIONS 

Essay Type: 

1. How is a Grignard reagent prepared ? Describe the uses or this 
reagent for the preparation of different types of organic compounds. 

[Jammu B.Sc. 1975 ; Kerala 1975 ; Delhi B.Sc, Hons . 1973) 

2. How can Grignard reagent be prepared 7 What special precautions 

are to be taken in its preparation ? How can it be used in the synthesis of 
(a) propionic acid, {b) n-butyl alcohol, (c) trimclhylcarbinoL, and (</) propion- 
Akkhyde 1 {Rajasthan B.Sc. 1971) 

3. Describe in detail the preparation of ethylmagnesium iodide in the 
laboratory. Give the importance of the compound in organic synthesis. 

{Delhi B.Sc. 1977 ; Shivaji 1976) 

4. How Would you prepare an ethereal solution of ethylmagnesium 
bromide 7 Show how this solution may be used for the synthesis of (a) pro¬ 
pionic add, (6) n-butyl alcohol, (c) dimethylcarbinol, {d) propionaldehyde. 

[Delhi B.Sc. Supp . 1976) 

5. ( 0 ) What are organometallic compounds? How is pure sample of 
ethylmagnesium bromide prepared ? 

(W How can ethylmagnesium bromide be used in the synthesis of (i) 
i-Butanol, ill) 2-Butanol, (iff) 2-Methyl-2-butanol, (fv) Propionic acid, 
(v) Propionaldehyde (vi) Metnoxypropanc 7 

{Delhi B.Sc. Hons . 1981, Delhi B.Sc. 1978 Supp.) 

Sturt Answer Type : 

1 Starting from a suitable Grignard reagent outline the synthesis or 
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2. Write a short note on the structure of Grignard reagent, 

5. Discuss the mechanism of the reaction of ethylene oxide with 
Grignard reagent. 

4. Write equations for the reactions, if any, between : 

(1) Magnesium-{-Ethyl iodide in dry ether. 

(2) Grignard reagent + water ; alcohol; ethylamine ; alkyl iodide : ally! 
bromide ; propyne ; a-monochloroethcr ; ethyl formate : acyl chloride : 
chloroformic ester ; cyanogen chloride ; chloramine ; iodine ; mercuric chlo¬ 
ride ; lead chloride. 

(3) Addition of the following compounds to Grignard reagent followed 
by hydrolysis ; formaldehyde ; ethylene oxide ; acetaldehyde ; acetone ; c’tiyl 
orthoformate ; alkyl cyanide ; carbon dioxide ; sulphur ; carbon disulphide. 

(4) Zinc + alkyl iodide. 

(5) Dimethylzmc+acetaldehyde ; acetone ; water ; ethyl iodide ; acetyl 
chloride ; tert. butyl iodide. 

(6) Li+RX ; /r-C a H, Cl; R'X 

(7) RLi+H f O ; AuBr, ; CO, ; RCOOH 

(8) CtHnLi-hCH.-CH, and then HCHO 

(9) C # H a Li+C,H*CHO and then H+. 

(10) Ethyl chloride+sodium-lead alloy. 

5. Write a note on the preparation and synthetic uses of organometal- 
1 .c compounds of zinc. 

6. Describe the preparation, principal properties and .ises of tetri sthyl 
lead (TEL). 


7. “Grignard reagents have attained a position in organx chemlsir* 
unrivalled by any other class of compounds.” Justify this statement. 

(Guru Nurtak Dev B. Sc. 1971) 

Problems: 


1. An organic compound C,H,C1, (A) gives with alkali C,H|0 (B) or 
C*H 4 (C). The compound B gives with cthylmagncsium iodide C f Hi t O (Dj 
which forms an iodide (E). Compound C reacts with dilute sulphuric acid 
containing mercuric sulphate to give C,HUO (F) which gives with bromine m 
alkali the salt of C,H«O b (G). The Grignard reagent from E reacts witli F u 
give CtHjtiO (H). Identify the compounds A to H. 

2. The organic compound CjH| (A) reacts with chlorine to give eithei 
C 9 H t Cl, iB) or C,H,C1 (C) depending upon the temperature. With ethyloug. 
aesium iodide C gives C s Hio (D). Identify the compounds A to D. 

3. With aqueous potash C,HtI (A) gives C a H a O (B) which may b: 
oxidised only to C|H a O (C). The Grignard reagent from A reacts with C to 
give CtH;«0 (D). Identify the compounds A to D. 

4. On careful reduction C,H, (A) gives C,H 4 (B) which reacts with h>- 
driodic acid to give C|H*1 (C). A forms a di-Grignard derivative which reacts 
with C to give mainly QHjo (D). U ith dilute sulphuric acid containing mer¬ 
curic sulphate D gives G»HuO (E) which reacts with the Grignard derivative lT 
C to give C|Hi|0 (F). On oxidation D gives C t H t O (Gj which gives acid 
chloride H. This reacts with one molecule of the Grignard reagent from C to 
give CmHieO (I). With two molecules of the same Grignard reagent H gives 
JrRiiO (JK Identify the compounds A to J 
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ANSWERS 

A is CHg.CHg.CHCl, ; B is CiH»CHO ( Proplonaldehyde ) 
(Propylidene chloride) 

C is £H a .OnCH (Propyne) ; D is (CaH^CHOH (3-Pentanol ); 

E is (C,H|),CH1 (3-iodopemane) ; P is CH t CDCH» (Acetone) ; 

G is CHtCOOH (Acetic acid ); 

CH»v /OH 
His >C< 

CH/ XMtCtHj, 

A is CH. CH-CH* (Propene) 

B is CH».CHCl.CH t Cl ( Propylene chloride) 

C is CH 1 -CH-CH 1 C1 (A/W eMortfe) 

D is CH l =»CH.CH|.C t H i (1-Pentene) 

A is CH,CHI.CHj (2-iodopropane) ; CHk /OH 

B is CH.CHOH.CH, (2-/Vopa*o/); D is 
C is CH, CO.CH, (Aeefoiur) ; CH/ XW(CHJ. 

(Z 3-Dtmethyb2-buttmoi} 

A is CH«CH (Acetylene) ; B is CHj—CH* {Ethylene) 

V is CH. CH.I (Ethyl iodide ) 

Z>/-Gngnard derivative is I Mg GvCMgl 
D is C|H|—C«iC—CjHi (3-Hexyne) 

E is C I H l —CO—CH a ,CHa»CH a (Ethyl n-propyl ketone) 


C.H.. yOH G is CaH g COOH (Propionic odd) 

P is B is CjHgCOa (Proptofijrl cklortde% 

C*h/ X CH,.CH m £H f I is (C,H s ) s C«bO (J-PefUkMHv) 
(3-Ethyl-3-hejcanol) 

I is (CtH^aCOH (rrtaAjdcarMno/ or 3-Ethyl -3-pen tanol). 


TOC—11-1*33-22 
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Acetoacetic , Malonic and 
Cyanoajcetic Esters 


1. Reactive Methylene Group. —A methylene group 
(—CH a —) when situated between two electron-withdrawing groups 
(e.0., —CN, —COOC^Hs) is highly reactive and is termed reactive 
methylene group. The two hydrogen atoms of this can be successively 
replaced by sodium when treated with sodium ethoxide. For example. 


CtH|ON» 


CH 1 .CH< 

\y 

Methyl derivative 


C a H t ONa 


NaCH/ X 

X Y 

Sodio-derivstfivc 

y x 

CH 1 GNa<^ 


CH.I CH, V y X 

- ^x Y 

Dimethyl derivative 


Methyl derivative Sodio-derivative Dimethyl derivative 

where X and Y are two electron-with drawing groups. These 
reactions render various compounds containing reactive methylene 
groups extremely important synthetic reagents. Some such com¬ 
pounds containing a reactive methylene group are : 


/ ,COOC 1 H i 

’N:ooc 1 H t 

Malonic ester 


; GHf 


CH*.C—CH 1 .COOG 1 H i ; N^OOC^Hs * N^OOC.H. 

AceloacDtiC ester Malonic ester Cyanoacetic ester 

The methylene group in ethyl acetate is situated between 
electropositive hydrogen atom and the negative —COOCfH, group, 

GH *N2ooc i h 1 

Ethyl acetate 

Not situated between two negative groups as it is. the methy¬ 
lene group in ethyl acetate is not reactive and does not give any 
sodio-derivative. 


ACETOACETIC ESTER 

2. Acetoacetic Eater or Ethyl Acetoacetate. —It is the 

ethyl ester of acetoacetic acid. CH 3 ,CO.CH 9 .COQH, a (i-ketonic 
acid. The name aceto acetic ester is given since it could be regarded 
as acetyl derivative of acetic ester (ethyl acetate). It is an extre¬ 
mely valuable synthetic reagent. 

Preparation. Acetoacetic eater is prepared by the action of 
sodium on ethyl acetate in the presence of ethyl alcohol. 
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Acetoacetic ester is produced as a result of condensation 
between two molecules of ethyl acetate in the presence of sodium 
ethoxide. 

CH^GOOG^H* + HlCH^OO(^H 4 ^H a CO.Ca^COCK^^ 

Acetoacctic ester +G l H | OH 

Pure ethyl acetate (10 parts) with a little alcohol is talrpn in 
a Bask and to this is added clean sodium wire (1 part). Allow 
reaction sets in and becomes gradually vigorous with the evolution 
of hydrogen and boiling of the liquid. The flask is heated on a 
water bath after the reaction subsides till whole of sodium disappears. 

The product is sodium derivative of acetoacetic ester which 
forms a brown semi-solid mass with sodium ethoxide and unused 
ethyl acetate. This is treated with dilute acetic acid (1:1) until 
acidic. This decomposes the sodium derivative and acetoacetic ester 
separates out as an oily layer at the top. The oily product is dis¬ 
tilled and fraction passing between 448-453K consists of almost pure 
ester and is further purified by distilling under reduced pressure. 

The above condensation between two molecules of ethyl 
acetate is termed Claisen condensation. It is rather a complex reac¬ 
tion and many mechanisms have been proposed for it. The one 
most widely accepted at the moment is as follows : 


(0 G,H # OH 

Ethanol 


Na 


CjHjONa [OC a H s ]- + Na+ 


Sod. ethoxide 


(ii) CH,.COOC s H 5 +[OC 1 H 5 ]- V* : CH,.COOC 1 H i +C i H i OH 


C 

:.«)ch,.g + 


O O- 

:CH,.COOC,H s ** CH,.i— 


OC,H e 


IoCjH* 


H 

I 


C—OOOCtH* 

—L. 


o 

:,H.OH I 

-► CH,—C^CH.COOCjH, 


DiL acetic acid 


OH 

1 

(ip) CH,—C-CHCOOC.H, 

Acetoacetic ester (Enol form) 


OH 

CH,—C=CHCOOC t H, 

Acetoacetic ester (Ck wl-form) 

O 

I 

CH,—C—CHjCOOC^Hr 

Acetoacetic ester (Keto form) 


pr ope rties : Physical. Acetoacetic ester is a colourless 
liquid (b.p. 454K) having a pleasant odour. It is Sparingly soluble in 
water but readily dissolves in alcohol, ether and most other organic 
to Events. 
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ra. (1) Properties of Ketonic Group. Ace to- 

aceiic ester behaves as a typical ketQ compound and gives addition 
com pou n d$ with HCN and NaHSO,. Similarly, it gives condensa- 
tion products with hydroxylamine and phenylhydrazine. It js 
readily reduced by sodium amalgam or catalytically to ^-hydroxy- 
butyric ester. 


CH I .CO.CH 1 COOC f Hj+2[H] 
Acetoacetic ester 


CHj.CHOH.CHjCOOCjH. 

p-Hydroxybutyric ester 


(2) With dilute Alkali. It is neutral to litmus but dissolves 
in dilute sodium hydroxide solution with which it reacts in its 
cnol form. 


OH ONa 

A NaOH | 

-CH.COOCjH,-►CH a .C-CH.COOC t H, 

Eool form Sodium salt 

(3) With Anmaak Acetoacetic ester reacts with ammonia 
to give ft -aminocrotonic ester. 


|OH + H/NH, 

I 

CH 1 C=CH.COOC 1 H, 


NH, 

I 

CH 3 C=CH.COOC 1 H i 

fr-wninocrotonic ester 


(4) With Bromine. It gives an addition product with bro¬ 
mine which is added at the double bond. 


(5) With Ferric chloride. It gives a violet red colour with 

OH 

I 

ferric chloride—a property of —C=C— group (see Phenol). 

(6) With Grignard reagent. Acetoacetic ester reacts with 
Grignard reagent to form a hydrocarbon. This also shows that 
Grignard reagent reacts with the enol form. 

OH OMgl 

1 /CH S | 

CH^3=CHCOOC f H,+Mg / 


\. 


CHj.CssCHCOOCjHj+CH* 


(7) Fo rm a ti on of Sodio mod Alhyl Derivative*. It reacts 
-with sodium ethoxide to give sodio-derivatlve. 

OH 

i 

mC 


CH,.C=CH.COOC^H, 


c souiu-acnv 

I,ONs I 

-► |CH, 


o- 


C=CH.COOC a H, 


1 , 

J Na 


(« > 


The negative km is a resonance hybrid of two structures 

r 

1H..C 


Cli, 


CKCOOC^H, --► CH a .C—CH.GOOCLH. 

I II 


fo * j?f ** ambident. It reacts with primary and secondary 
•uy) halides to give alkyl derivative of acetoacetic ester in which 
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the alkyl group is attached to carbon atom. This is because 
negatively charged carbon atom is more reactive than negatively 
charged oxygen atom. ♦ 

| Na Vl lR R 

I —Nil I 

CH 3 CO.CH.COOC a H 5 -► CH^O.CH.COOC.H* 

Sodio-acotoacetic ester Alkyl-acctoacctic ester 

The whole process may be repeated with the mono-alkyl deri¬ 
vative to get a dialkyl derivative. 

C^ONa 

CHjCO^GHR.COO.CjH^-- 

Mono-alkyl derivative 

Na R' 

* I RT I 

CH a CO.CR.COOC 2 H s -►CH,COCR.COO.C 1 H i (y.-s.g) 

Sodio-derivative DiaUcyl-derivative 

It is important to note that two alkyl groups can only be intro¬ 
duced in two steps as given above. 

(8) Ketonic Hydrolysis. This is so called because a ketone 
is the chief product of hydrolysis and is carried out by boiling with 
d'lute acid or dilute alkali, preferably acid solution. 


CH 3 -£—CH a — COOC 2 H b + HOH CH^OCH. 

Acetone 

+00 1 +C g H i OH 

The first step in the reaction is a simple hydrolysis of the 
ester group to give the acetoacetic acid, but when two COOH 
groups or a C=0 and a GOOH group are attached to the same 
carbon atom, the compound readily loses carbon dioxide. Thus the 
•cctoacctic acid loses C0 2 during the hydrolysis to yield the ketone. 



ch 3 —c—ch 3 —c—oh 

Acetoacetic acid 


O 

/ 

CH,—C—CH, + CO, 

Acetone 


The mechanism of ketonic hydrolysis is probably as under: 

r\ 

CH,—C—CH,——►*CO ! +CH 3 —C=CH- 

C l N o I 

o A 


CH,—G=CH, v* CH S —C—CH, 

I I 

OH O 

It is the electron-attracting pr< psrty of the carbonyl group 
jwhich facilitates the elimination of one CO, molecule. 

(9) Aetf Hydrolyai*. This is so called because an acid is 
the chief product of hydrolysis and is carried out by boiling with 
alcoholic potash. 
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OH|H OHiH 2KOH 

CH,CO|CH,CO lOCjH, -► 2CH 3 COOK+CiH i OH 

The possible mechanism of the reaction is 

^ n 

CH,—C—CHR COO—Et+EtO- 


O 

a i o 

CH,—C—CHR—COOEt ** 
OEt 

«ElOH 


O 

II 

CH 3 —C +CHR.COOEI 

I 

OEt 

CH*R.COOEt+EtO 


3. Use of Acetoacetic Eater is Organic Synthesis.— 

Ai*tnacetic ester is an important synthetic reagent. Its synthetic 
importance lies in the large number of substapees which can be 
synthesised from it. Following are some of its important examples : 

(1) Synthesis of alkyl acetoacetic eater. Acetoacetic ester 
is treated with sodium ethoxide and the sodio-derivative so obtained 
is further treated with alkyl iodide when wc get monoalkyl acetoace¬ 
tic ester. The monoalkyl derivative may again be treated with 
C,H,0;\a and then with alkyl iodide to get dialkyl derivative. 


C.H.ONS __W 

f H,CO.CH,COOEt -► CH 3 COCHNaCOOEt —► 

acetoacetic ester Sodjo-acctoacetic cater 

C.H.ONs __ 

Cn,COCHR.COOEt-► CH».CO. CRNa.COOEt 

Monoalky la ceto- SwLo-denvalive of 

a.etk ester monoaUcylacetoacetic ester 


R 

R'l I 

-► CH a CO.C—COOEt 

I 

R' 

Dialkylaceloacctic ester 


(2) SymUieds of fatty adds. When acetoacetic ester or its 
alkyl derivatives are hiateu ti A concentrated alcoholic potash (odd 
hydrolysis). fatfy acids arc produced. 


CHjOolcHjColoCjHj 2 CH,COOH+C,H 8 OH 

cone. 

CH.COICHR.COOC.H,—► CH,COOH+RCH,COOH+C t H t OH 
' OHIH OHH Monoalkyl- 

Monoaikylacctoacetic cater acetic acid 

R 

OH,CO|CRR'COpC ^ 1 -* CH,COOH+C t H,OH+ ^CHCOOH 

OH]H OHiH ,_,__ J _ - 

D ialky la c etoao e ii c ester 
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Since acetic acid is water soluble'and the substituted acetic 
acid probably will not be, the two arc easily separated. Ot herwis e 
they would be separated by fractional distillation. 

« 

(3) Syatkctlf of di b ti ic addi, When sodio-derivative of 
acetoacetic ester is condensed with a chloro Catty acid and the pro¬ 
duct subjected to acid hydrolysis a dibasic acid is obtained. 


OH H OHiH 

CH a GO.CH.COOC l H| CH^O, CH.CO|OC 8 H B Acid GH^COOH 

N^a|CH f COOC 1 H l GHjCO |OC,H 6 h&o- CHfiOOH 

Chkwototte OH !H lysis Suecfauc scad 

Sodio-aocto- ester 
acetic ester 

+CH 8 COOH+2C*H i OH 


(4) Synthesifl of a, fS-atnsaturatcd adds. Acetoacetic ester 
undergoes the Knoevenagzl reaction due to the presence of an active 
methylene group. It condenses with aldehydes or ketones in presence 
of a base and the products on acid hydrolysis yield a, P-unsaturated 
acids. 


CO.CH, 

\L 


CH,CH=(O+H^J C.COOGjH, 

Acetaldehyde Acetoacetic ester 
Acid 


OHCOCH. 
Pyridine H | 

-*• CH 3 CH=C.CO|OCJi, 

ohIh 


^•CH,CH=CH.COOH + CH*COOH + G.H.OH 


hydrolysis Crotonic acid 

(5) Synthesis of ketones. When acetoacetic ester or its alkyl 
derivatives are healed with dilate acid or alkali, preferably acid (I ' 
nic hydrolysis) , ketones are obtained. 


+ CO,+C,H f OH 

+ COj+CjI^OH 


HrO iH H.O+ 

CH,COCH i |OC>|OC 1 H l - t*CH 3 COCH, 

Acetone 

HIO |H H.O+ 

CH,COCHR.|(X)loG 1 H t -►CH 3 COCH 3 .R 

Monoalkylacetoaceuc ester Monoalkyl- 

acetone 

H,0 ,H H,0+ /R 

CH.COCRR'IcoloC.H,-*CH.COCH' + CO.+C.HOH 

Dialkylace to acetic ester n_, t 

Dialky lace tone "■ 

(6) Synthesis of f-ketonic acids. When sodio-dcrivative of 
acetoacetic ester b treated with a-chloro fatty acids and the product 
is submitted to tetanic hydrolysis, we get y-ketonic acids. 

H. 0|H 

ch 3 coch|co|oc,h, 


CH,COCH|Na iCOOCjH, 


-|c L .|c: 


H.GOOH 




Ketonic hydrolysis 


T-Keto- 


^CHtCOCHjGHjCOOH 4- CO, 
eto-vueric acid or 4-OxopentaaoiC add 


,COUH 


OH + CO, + C^OH 
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(7) Syttlieftifi of diacctoivccUc ester end acetonybct 
toBe. Two molecules of sodioacetoacetic ester condense when treated 
with iodine and diacetosuccinic ester is produced. The product 
on ketonic hydrolysis gives acetonylacetone. 

Hp |H 

CHjCOCH Xa COOC a H f CH,.CO .CH|COl OC^H, 

) —ZNal I 

4 |I* -► I HI OlH 

CHgCOCI lNa ( COCK^Hg CH 3 C0.CH|C0| OC.H* 

Disccto-succinic ester 

Ketonic hydrolysis 

-► CH 3 COCHj h CH/Z!O.CH 3 ’+2(X) 1 +2C 1 H fc OH 

Acetonylacetone 
or 2 t 5>pentsdione 

(8) Synthesis of hydrocarbons. On electrolytic reduciion, 
acctoacLtic c\>ter and its alkyl derivatives give rise to hydrocarbons. 


CHn.COCFLCOOGjHg -► CH a GH i CH a CH 1 

Aceioacetic ester n-butane 

CHflCOCHRCOOC^Hg -► CH 8 .CH a CHRCH a 

Alk>la«-ctoacetic ester 2-alkylbutsne 

(9) Synthesis of heterocry die compounds. Acetoacetic ester 
condenses with various reagents to form different types of cyclic com 
The following may be given as typical examples : 

(i) Diacetosuccinic ester obtained in (7) above by condensing 
^wo molecules of sodio-acetoacetic ester in presence of iodine, when 
treated with ammonia gives pyrrole derivative. 


CHgCO.CHCOlOCgHg 


4HJNH— 


CHjCO.CHCOv 

GH g CO.GHCO / 

Pyrrole derivative 


CH^CO.CHCQ l OCjHs | GHgCO.GHCO^ 

Diaceto-succinic ester Pyrrole derivative 2G a H ft OH 

(w) With urea it gives the ring compound, 4-methyl-uracil 
from which uric acid may be synthesised. 


NHH 

io + CH —*■ CO CH +C,H,0H+H,0 

I _ I II 

NH iH HU —C—CH, NH—C—CH, 

Urea Acetoacetic ester 4-methyl- 

{enoi form) uracil 

4. Constitution of Acetoacetic Ester. 

(a) From analytical data the molecular formula of acetoace- 
ic ester is found to be CgH u O a . 

(i) It behaves as a typical keto-compound as will be cle.’r 
rom the following ; 

(t) It gives characteristic compounds with HCN f NaHSO,, 
MHfOH and NHt.NH.CgHg {reactions of >C&*0 group). 


G^HgO! GO 


NH—CO 


+CgHgOH+HgO 


(ii) On reduction, the ester yields P-hydroxybutyric ester, 
CHtCH(OH) .CHXOOCtHg, having a secondary alcoholic group, 
which must have been obtained fay reduction of ketonic group. 
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(cm) On ketonic hydrolysis with dilute acid or alkalis or super* 
heated steam at 473K, it yields acetone, alcohol and GO f . 

These reactions support the presence of a keto group in the 
molecule of the ester which should, therefore, be represented by the 
formula : 



GH,—C—CH, -COOC t H, 

(c) Some other reactions as given below indicate, on the 
other hand, presence of an —OH group and a double bond 
in the molecule. 

(0 Metallic sodium liberates hydrogen and forms sodio-dcriva- 
live (o characteristic property of — OH group as in C t H % OH). 

(it) The ester is neutral to litmus but is soluble in alkalis. This 
shows the presence of an —OH group acidic in nature. 

(»u) It gives a vicrlet red coloration with ferric chloride in 
alcoholic solution, a property characteristic of compounds containing 

7 oh 

a —C = C — group as in phenols. 

(m ) The e^tcr gives an addition product with bromine, a property 
characteristic of compounds containing a double bond. 

(v) With ammonia, acetoacetic ester givr-, 0-amino-cro tonic 

ester—(CH i C=CHCOOC l H # ), an unsaturated compound. 

Therefore, the formula of the ester containing a double bond 
and an —OH gioup should be represented as 

/OH 

CH,—C^CHCOOCjHi- 

(d) This dual behaviour, as that of a keto compound, and an 
unsaturated hydroxy compound , shown by acetoacetic ester can best be 
explained by assuming the ordinary ester to be a tautomeric mixture of 
both ketonic and enolic varieties. 


yO /OH 

CH.-C-CH. COOC.H. us CH a - C^CHCOOC.H. 

Keto form (92*5%) Enolic form (7*5%) 

If any of these varieties be removed, more of it will be formed 
to maintain equilibrium. For example, when keto variety is removed 
by reaction with HCN, equilibrium shifts to die left and more and 
more of 7’5% enolic form is transformed into the keto form. 

(e) This explanation is further proved to be c o rrect by 
the following facts s 

(») Knorr (1911) succeeded in actual separation of the two 
varieties. The keto form was obtained by crystallising the ordinary 
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mixture from light petroleum at 195K. The enolic form was sepa¬ 
rated as colourless oil by distilling the mixture under high vacuum. 
He studied their properties and found that the keto variety (colour- 
less crystals of m.p. 234K) gives no colour with ferric chloride 
and readily takes up bromine. 

(w) With rise of temperature, each form isomerises into an 
equilibrium mixture of keto and enol varieties. 

(wit) That the ester is an equilibrium mixture of the two varie¬ 
ties is also shown by molecular refraction and other physical pro¬ 
perties. 


MALON1C ESTER 

5. Methyl Malonmte mr Malonic Eater, CH t (COOC 1 H 5 ) 1 . 

—Malonic ester is the diethyl ester of malonic acid. It is a colourless 
liquid (b.p. 472K) with a pleasant odour. Like acetoacctic ester it 
contains one reactive methylene group and exists as a tautomeric 
mixture of lotto and enol forms. 


O O OH O 

I ii ! n 

CLH f O.C--CH l --C.OC,H 6 ** G,H 4 0—C^GH—C.OC.H, 

Malonic ester ( Keto form ) •Malonic ester (Enol form) 

Preparation. It is obtained from acetic acid which is chlori¬ 
nated to monochloroacetic acid. The monochloroacetic acid is 
further neutralized in aqueous solution with K,CO* and the result¬ 
ing potassium salt solution is heated with KCN till the vigorous 
reaction set in has subsided. The solution of the potassium cyano- 
acetate so obtained is evaporated to dryness on a sand bath with 
constant stirring. 


The residue is powdered and heated with an equal amount of 
absolute alcohol in a flask through which dry hydrogen chloride gas 
is then passed to saturate the mixture. The product is cooled and 
poured in ice-cold water. The malonic ester so obtained is extract¬ 
ed with ether. The ethereal solution is washed, dried and 'distilled to 
recover ether. The oily residue is further purified by fractional 
distillation and fraction passing between 468-478K collected, which 
is pure malonic ester. 


Cl, /Cl 

CH.COOH -►CH,' 

Acetic add 'COOH 

Monochloroacetic acid 


K,CO, /Cl KCN 

--ch/ -- 

n cook 

Pot. chloro acetate 

00 , 11 , 


/ON ZH.O+HC1 /COOH C,H,OH /CO 

CH,r -► CH,< - 

'COOK -NH.C1 hDOOH X30 


Pot. cyinoacetate 


Malonic acid 


OOC,H, 
Malonic ester 


_ Its in In Organic synthesis. Malonic ester is one amongst 
few important synthetic tools in the hands of an organic chemist. 
Id wide application in synthesis is due to the. presence of reactive 
methylene group. The hydrogen atoms in this methylene group 
are reactive due to their position between two negative groups 
(having tendency to attract electrons). One of these is readily 
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replaced by sodium when treated with alcoholic solution of sodium 
ethoxide. The following examples will show its importance in 
organic synthesis : 

(1) Synthesis of sub s t i t ut ed mmlouic acids. Malonic ester 

gives its sodio-derivative when boiled with alcoholic solution of 
sodium ethoxide or metallic sodium in alcohol. The sodio-deriva* 
tive forms with alkyl iodide mono-substituted ester. The second 
hydrogen atom may similarly be replaced to obtain substituted ester. 

It is the enolic form of the acid that gives sodio-derivaliyc 
which is a resonance hybrid of two varieties. On reacting the mdio- 
derivative with alkyl halide, etc., the alkyl group attaches with the 
carbon atom. In the following discussion, however, simple formulae 
have been used for the sake of convenience. 


The esters on hydrolysis will produce the corresponding acids* 


C fl H,ON» RI 

HCHCCOOEt),-► Na—CH. (COOEt),-► 

Malonic ester Sodio-roalomc ester 

H,0 

R—CH(COOEt) a -► R—CH.(GOOH), 

Mono-alkyl- Mono-alkyl- 

malonic ester malonic acid 

I £H t ONa 


>C(COOEt), 

Na^ 

Sodio-alkyl 
malonic ester 


—^^C(COOEt) t ^?. ^C(COOH), 


Dialkyl-malonic 

ester 


Dimlkyi-malonic 
acid 


The disubstituted derivative can be prepared in one step by 
treating the ester with two equivalents of CaH 5 ONa and then with 
two equivalents of alkyl halide (c/. Acetoacctic ester). 

CH-CCOOCjHJ, 2C,H, °^ "Na 1 C(COOC ! H 5 ) a ^-R 1 C(COOG i H,) 1 
Malonic ester Disodiomalomc Dialkyl malonic 

ester eater 

H.O 

—► R^C(GOOH), 

Dialkyl malonic am 


(2) Synthesis of fatty acids. Malonic ester or substituted 
malonic ester on hydrolysis and subsequent heating gives a fatty acid 
with loss of carbon dioxide. 


/COOEt H t O y\COO |H 

CH/ --►CH/ - 

Nnnnrt \r 


^COOEt 
Malonic ester 


'COOH 

Malonic acid 


Heat 

-► CHjCOOH 

_CO t Acetic acid 


XOOEt HfO /pOO H Heat 

RCH< —^RCH<; - - 

XJOOEt X300H -CO. 


Mono-alkyl- 
makmJc ettef 


Mour-tlkyl- 
mahmfc acid 


RCH.COOH 
Mono-alkyl- 
■oetic add 
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R W COOE ‘ H.O V COOH ---1 VoOH 


r/ ^COOEt 

Dialkyl- 
malonic eater 


/U. -► yUilUiW 

R< n COOH —co* RS 

Dial ky 1- D1 alky I-ace lie 

malonic acid acid 


(3) Synthesis of dibasic and other polybasic acids. 

(i) Sodio-malonic ester with iodine yields a tctracarboxylir 
-ester which on hydrolysis and subsequent heating yields succinic acid 


Na -CH(COO£t) a 

u + 

Na —CHCCOOEt), 


CH(COOEt), 


011 ( 00011 ), 


|Na| —CH(COOEQ a CHCCOOEt), CH(COOH), 

Ethanetetra- E thane tc tri¬ 
carboxylic ester carboxylic acid 

Heat CH 2 COOII 

-► | 

2CO, CH 2 COOH 
Succinic acid 

Similarly starting with sodio-alkylmalonic ester, we get dialky I- 
succinic acid. 

(:i) Sodiornalonic ester may also be treated with a halogen 
ubstituted fatty acid to grt a dibasic acid. 


Na —C,li(COOE0 2 
Cl —CH a COOLt 


CH(COOEt) a H,o CH(COOII> 2 


Cl I— CH a COOLt GH^COOEt CHjCOOlI 

Tricarboxylic Tricarboxylic 

ester acid 

Heat CH a COOH 

—-► I 

-CO. CHjCOOl I 
Succinic acid 

(m) Sodiornalonic ester on electrolysis gives tetracarboxylic 
ester which on hydrolysis and subsequent heating finally yields suc¬ 
cinic acid. 


Xa—CH(COOEt) 2 Uec- CH(COOEt) a H.O CH(COOH, a 


Xa—CH(COOEt) 2 trolysis CH(COOEt) 2 
Sodiornalonic (At anode) 

ester {2 molecules) 


9 CH(COOH), 
Ethane tetracar- 
boxvlic acid 

Heal CHjCOOl I 

-CO, CH s COOH 
Succinic acid 


(4) Synthesis of higher dibasic acids. Sodiornalonic ester 
when treated w-ith an alkylenc halide with two halogen atoms in the 
end positions yields higher dibasic acids. 
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CH, 


,Br NaCH(COOEt), 
2H,Br NaCH(GOOEt), 

Ethylene Soclioma'onic 
bromide ester (2 mol) 




CH,CH(COOEt), 


CH^CHfCOOEt), 

Butane-tcira- 
carboxylic ester 


H.O CH t .CH(COOH), 


-- I 


CH,.CH(COOH), 

Butane-tetra- 
carboxylic acid 


Heat GHj.CHjCOOH 

-*■ I 

-CO, CHj.CH.COOH 

Adipic acid 


(5) Synthesis of apunsaturated acid. Malonic ester under 
goes Knoevcnagel reaction with aldehydes in the presence of organic 
bases ( e.g pyridine) and gives an unsaturated ester and finally an 
unsaturated acid. 


_ Pyridine 

RCH=' Q-|-H, JC(COOEt),--*• RCH=C(COOEt), 

Aldehyde Malonic rsirr Unsaturated ester 


/COOEt H.O /COOII Heat 

RCH=C< -h. RGH-C< _ 

x COOEt ^COOH —CO, 

Unsaturaled ester Unsaturated dibasic acid 


RCH=CH.COOH 

Unsaturafcd 
fatty acid 


Malonic ester condenses with aldehydes only (cf. Acetoacetic 
and cyanoacetic esters). 

(6) Synthesis of cyclic or ring compounds. 

c/ ,COQEt CH,—CH ZX ,COOEt 

1 ^NHOOEt -’NaBrCHj-CH,/ ^COOEt 

Tetramethylcne Disodio- Cyclopcntanc 

bromide malonic ester dicarboxyiic ester 


GH,—CH, 
cIh,—CH, 


Br 

Br 


+ Na, 


H.O CH,—CH, N y| COQ |H 

CH,—CH/ N 
Clyclopentane 
dicarboxyiic acid 


Heat CI1,—CH, 


COOH -CO, 


Nch.cooh 

CH,—CH/ 

Cyclopcntanc 
mono carboxylic acid 


(7) Synthesis of Heterocyclic compounds. Urea and 
malonic ester combine to form malonylurea or barbituric acid and 
alcohol. 


ch/ CO 


|OEt H 

+ 

^CQpEb H 


Malonic ester 


NH X 
>CO 
NH X 


—2C.H.OH 


Uica 


/CO—NH V 
CH / >CO 

XJO—NH/ 

Barbituric acid 
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i. Cyanoacetic Ester or Ethyl Cyanoacetate, 

(cn.ch 1 .cooc,h j ; 

Preparation. Ethyl cyanoacetate is prepared by treating 
monochloroacetic acid with potassium cyanide when we get cyano¬ 
acetic acid, which being an acid, can be esterified to yiel d ethyl 
cyanoacetate. The process of esterification employed should be such 
that the -cyanide group in the molecule is not hydrolysed during 
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this process. This can be done by converting cyanoacetic add into 
its acid chloride with phosphorus trichloride or pentachJoride or 
thionyl chloride. The acid chloride so obtained is treated with ethyl 
alcohol when ethyl cyano acetate is obtained. 


Cl.CH,COOH 
Monoduoxo- 
acetic acid 


CN.CH*COOH 

Cyanoacetic 

add 


POj or 


CN.CHfiOQ 

Cyanoacetyi 

chloride 


C f H,OH 


-► GN.GH f COOC t H i 

Ethyl cyanoacetatc 

Use of Cyanoacetic ester in the synthesis of organic com 
poondfl. In cyanoacetic ester (GN—GHj—COOC^Hj), the methylene 
group (—CH 2 —) is situated between two electro-negative radicals 
—CN group and —COOCjHj group, and is, therefore, highly reac¬ 
tive. Like all other compounds (e.g. s malonic ester and acetoacetic 
ester containing a methylene group present between two negative 
groups) the hydrogen atoms of methylene group can be successively 
replaced by sodium when treated with sodium ethoxide. 

X1N C,H.ONa ^CN CH.L ^GN 


NDOOC.H, 

Cyanoacetic ester 


C.H.ONa 

-► NaHC( 


^GOOGjHb 
Sodio cyanoacetic ester 


/ 

-► CHjGHC 

M \ 


x COOC,H # 
Methyl cynoacctic ester 


C v H,ONa U1 a l y V-iIX 

-► GH 3 CNa<; -► >CC 

^COOGjHj CH/ X COOC 1 H i 

Sodio derivative Dimethyl cyanoacetic eater 

Cyanoacetic ester is, therefore, an important synthesising 
agent used for the synthesis of a number of organic compounds as 
given below : 

(1) Synthesis of Malonic and Substituted malonic adds. 

.COOH H.O /GN C.H.ONa .CN 

CH,< «-GH 2 ( -► Na—CHC 

X300H ^COOCjHj XXXXiHi 

Malonic acid Cyanoacetic ester Sodio-cyanoacetic ester 


/CN 

CH,CNa' 

x COOC,H, 

Sodio derivative 


/COOH H.O 

CH,< «- 

X300H 

Malonic acid 


Sodio-cyanoacetie eater 


R—CHC 

x COOC,H t 

Monoalkylcyanoacetic ester 


{ C,H,C 


CH< 


,COOH 


'COOH 

Mono alkylmalonic acid 


R V/^/ CN R1 R \^/ CN H,0 Rv yCOOH 

>Cf —► —► >cc 

Na' X300C.H, R'/ X COOC f H. R'/ \jOOH 

Sodio derivative Diallcyicyano- Dtalkyimakmio *qjd 


H.0 R^ yCOOH 


Dialkylcyi 
acetic ei 
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(2) Bynth e sls of Fatty adds. Makuuc acid and its mono- 
or dialkyl derivatives, obtained above, lose GO, on heating and yield 
acetic acid and its mono* or dialkyl derivatives respectively. 


/COOH 

ch/ 

n cooh 

Heat 

CH3COOH 

/COOH 
R—CH< 

X COOH 

Heat 


-► 

RGHjCOOH 

—CO, 

Mono-alky lacetic 

Mono-aLkylmalonic acid 


acid 

R v /COOH 

Heat 

>GHGOOH 

R'* 

R r/ ^COOH 

-co| 

Dialkylmalonjc acid 


Dialkylacetic acid 


(3) Synthesis of Dibasic and other Polybaslc adds. 

Sodio cyanoacetic ester reacts with another molecule in the presence 
of iodine. The product on hydrolysis and subsequent heating yields 
succinic acid. 


Na| 

I. 

|Na| 


—CH 


+ 

I—CH< 


CN 

COOC.H, 

CN 


/CN 

CH< 

I x COOC 1 H t 


CH 


yCN 


«C 

^COOC.H, 

H.O CH(COOH), 

* cIhccooh), 

Ethane tetra- 
carboxylic acid 

(4) Synthesis of higher Dibasic acids. Sodio cyanoacetic 
estev when treated with an alkyiene halide or a polymethylene halide 
yields higher dibasic acids : 


Heal 
—2CO, 


NdooCjH, 
CH.COOH 

CH,COOH 
Succinic acid 


CH,Br 


CH.Br 

Ethylene 

bromide 


/CN 

NaCH< 

XIOOCLH, 

/CN 

NaCH< 

X300C.H, 
Sodio cyanoacetic 
ester (2 mat.) 


ch.-ch/ 

I N 


CN 


I 

CHj.CH 


COOCjH, 

CN 

COOC.H, 


H .0 CH a .CH(COOH), 
* CH*.CH(COOH), 

Butanetctra- 
qarboxylic ester 


Heal CH r CH a COOH 


—2CO. CH 1 .GH i GOOH 
Adipic acid 


(5) Synthesis of UssaMratad odds. Cyanoacetic eater 
undergoes the Rnecvmagtl reaction with aldehyde in the presence of 
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a base (t.g.. pyridine). The product on hydrolysis and heating gives 
a P-unsaturated acid. 


_ /CN Pyridine /CN 

CH,CH=IO + HJc< -> CH,CH=C< 

Acetaldehyde 'COOC,H 6 COOCgH, 

Cyanos«.elit esler Ethvlidcnecjanoacetic eiler 


H.O ,COOH Heat 

-► CIIjCII - c/ -► CH ,CH - CHCOOH 

HJOOH Crotamc acid 

Unsaturatcd dicarboxylic acid 


It condenses v\ith ketones as well in tlie piesrnre of acetamide 
in glacial acetic acid solution provided the water formed is being 
continually removed by distillation. 


GH 3 V _ yCS 

>C=|Oj L H ti C< 

-COOCjH, 

Cyanoacchc ester 

h,o ch sn ^ ycoon 


CH,/ 

Acetone 


- / c=c < 
ch/ n 


COOH 


ch 3N /CN 

—► - ^c=c/ 

CH/ n COOC,H, 

Isopropylidcnecyanoacctic ester 
Heat ClJj- 

-f >C-CH.COOH 

CH, 

Lnsaturaied acid 


QUESTIONS 


Essay Type : 

1. What do you understand by reactive meth>lcne group 7 Describe 
the synthetic uses of one compound containing a reactive methylene group 

{Di’tlu B Sr. Horn. Sub 19?7) 

2. Describe the synthesis of acetoacetic ester ami explain the mechanism 

tf the reaction involved. Give its chemical properties Describe its importance 
in synthesis. [Delhi B.Sc. 1974 ; Os mama 1971 ; Nagpur 1974 Supp ; 

DelhiB.Sc. Hons . 1976) 

3. Describe the preparation of acetoacetic ester. Discuss its constitution. 
How will you obtain any Tour of the following compounds by the use of 
acetoacetic ester 7 

(0 Ethyl-propylacetic acid. (//) Succinic acid. ( hi) n-Butanc 

(iv) Methyl amyl ketone or methly propyl ketone or methyl n-buty] ketone 

( v ) Crotonic acid. (pi) 4-Methyl uracil. 

(vli) Antipyrine. (wji) I : 4-diketone. 

(/jr) Isobutyric acid and n-butync acid. (r) Acctonylacclone. 

[xf) Active valeric acid. [xii) Laevulunc acid. 


[Delhi B.Sc. 1981 ; Delhi\ B.Sc. Hons. Sub . 1981) 
[Hint, (v) Antipyrine is 2, 3-dimethyl-l-phenvl-pyrazol-5-one. 

—H.O 

CH 1 .C.CH i .COOC.H,-►CH..C.CH a .COOC a Hg 

l l) £hT| N,NHC,H. N.NHC.H, 

CH„C-CH. CH 

:.H.OH I I (CHJeSO. | I 

N CO -- CH A .N CO 


Y 


NaOH 


N 
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(rf) Acetonylacetone is a 1:4-diketone. 

(lx) Ethylmethylacetic add is active valeric add. 

(jc) Lacvulink add is 8-acetylpropionic acid or Y-kctovaleric add.] * 

4. (a) Discuss the constitution of acetoacetic ester. 

(b) What is the evidence that it exists in two isomeric forms 7 

(c) Discuss the isomerism exhibited by ethyl acetoacetate. 

5. Discuss the preparation, properties and synthetic application off 

malonic ester. ( utkal B.Sc. 1976 ; Kurukshetra 1967 ; Gorakhpur 1967) 

6. Describe the important stages in the preparation of ethyl malonalB 
from acetic add. Illustrate the use of compound in the preparation of: 

( 0 ) Propionic add ; (6) Succinic acid ; (<?) Barbituric add ; 

(d) RjR.CH.COOH : (*) RCH-CH.COOH; (/) Ethylsucdnic acid ; 

(g) Dimethylacetic add ; (A) 1 : 3-dimethylglutaric add ; 

(0 Ethyl methyl ketone ; (J) Crotonic add ; (Ar) Acetoacetic add. 

( Rajasthan B.Sc, 1966 ; Utkal 1976 ; Punjab 1970 ; Delhi 197T) 

7. Describe the preparation of ethyl cyanoacetate. Illustrate by 
examples how this ester is used in the synthesis of organic compounds. Give 
reasons why ethyl cyanoacetate gives a sodium compound while ethyl 

does not. 

8. (a) How will you prepare a pure sample of diethyl malonate ? 

(b) Starling from diethyl malonate how will you obtain the following : 

( 1 ) Dimethylacetic acid, (ii) Succinic acid, 

(III) Barbituric acid, (fv) Crotonic acid ? 

(Delhi B.Sc. 1978 Supp.) 

9. (a) Describe what happens when ethyl acetate is heated with sodium 
cthoxide in presence of ethyl alcohol. 

(b) Explain how the product obtained by the above reaction can be uml 
for the synthesis of— 

(i) n -butyric acid, (rt) 4-methyluracil, and (lii) ethyl methyl ketone. 

(Delhi B.Sc. 1978) 

10. How is ethyl acetoacetate prepared 7 Starting from ethyl acetoacetate 
h ow are the following prepared ; 

(а) ethyl methyl ketone, 

(б) p-methylbdtyric acid, 

(c) methyl isopropyl ketone, 

(d) methylsuccinic add. (Andhra B.Sc. 1978) 

Short Answer Type : 

1. What is an active methylene group ? Give structures ot three 
compounds having such a group. (Delhi B.Sc. Hons. 1977 ; B.Sc. 1976 Supp.) 

2. Why is the keto form of acetoacetic ester more stable than its cuolic 

form 7 (Delhi B.Sc. Hons . 1977 ) 

3. How can the following compounds be prepared from eitfter acetoace¬ 
tic ester or malonic ester 7 


( 1 ) Benzyl ace tone. (il) CH.COCH.CH.COOH, 

(HI) Barbituric acid, (iV) Glutaric acid. 

. „ , . ... . . . , {Delhi B.Sc. Hons. 1977) 

4. How can malonic acid be converted into— 

(0 crotonic acid. (ii) succinic acid, 

(iii) barbituric acid, (/v) cyclopropane-carboxylic acid ? 

(Delhi B.Sc. 1976 Supp .) 

5. Discuss the isomerism exhibited by ethyl acetoacetate. 

(Nagpur B.Sc. 1974 Supp.) 

4 . Ethyl acetoacetate decolorises bromine water. Give reason why. 

(Andhra B.Sc, 1978) 

7. Explain the following fact: 

Ethyl acetoacetate exists in two forms. ( Andhra B.Sc. 1978} 

8. How i$ diethyl malonate prepared in the laboratory 7 

(Madras B.Sc. I97& 
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Substituted Acids—I 


h The SalwdMd Adda. —The derivatives of carboxylic 
acids ob tained by replacing one or more hydrogen atoms of the ahrl 
radical by different atoms or groups such as —Cl, —Br, NH*, 

_OH, etc., are called Substituted adds. For example, from acetic 

add, we get 


CH| OHJO CH,Br 

ioOH COOH COOH 

Acetic Chloroacetic Bromoacetic 
add add acid 


CH.NH, 

ioOH 

Ammoacetic 


GH|OH 

COOH 
Hydroxy- 
acetic add 


The usual method of naming the substituted acids is to use 
the trivial names of the acids and to indicate the positions of the 
substituents by Greek letters. The carbon atom attached to the 
carboxyl group is termed the s-carbon, the next one as p-carbon, 
and so on. 

* Y P « 

CIV-CH,—CH,—CH,—COOH 

Formula Name 

CHjCHCl.COOH a-chloropropionic acid 

CH|OH.CH,COOH p-hydroxypropionic acid 

According to the IUPAC system of nomenclature, the positions 
of the substituents are indicated by numbers, t.g., 

CHt.CHi.CHOH.COOH 2-hydroxy butanoic acid or 

l-hydroxypropane-l-carboxylic acid 

The substituted acids, as a rule, exhibit somewhat the proper¬ 
ties of both the functional groups. Thus chloroacetic acid exhibits 
the properties of an alkyl halide as well as an acid. Similarly 
hydroxy acetic acid behaves both as an alcohol and as an acid. The 
properties of one functional group may, however, be considerably 
modified by the other. The chloroacetic acid is a stronger acid and 
glycine a weaker acid. We shall discuss in this chapter some typical 
members of substituted acids. 


halogen-substituted acids 

2. Halogaa-sabftitated Adda.— These are derived from the 
adds by replacement of one or more hydrogen atoms of the alkyl 
group by halogen atoms. For example, three chloroacetic acids are : 


CHJC1.COOH 
MooocMoroaoeric acid 


CHC4.C00H co,.cooh 

Djehloroscetic add Trichloroacetic arid 

2'354 
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General Metkeds tf Pw pifiti w. The methods of prepare* 
tion of halogen-substituted fatty acids differ with the position in which 
the halogen atom is to be substituted* In general they are prepared 
by the following methods : 

(0 Direct Hal ogens tion, A fatty acid is directly chlorinated 
or brominated by passing chlorine or bromine through the boiling 
fatty acid in the presence of sunlight and halogen carriers such as 
iodine, red phosphorus or sulphur. Whereas bromination takes 
place only at the ^-position, chlorination, although it occurs mainly 
at the a-position, may also take place in the f*-position and still 
further in the chain. 

Cl. Cl. Cl, 

CHjGOOH—►CHjCIGOOH —► CHCl.COOH-►CCLCOOH 

Acetic acid Monochloro- Dichloroacetic Trichloro¬ 
acetic acid acid acetic acid 

Cl, 

CH,CH,COOH-. CH 1 CHCICOOH+CH t Cj.GH..COOH 

Propionic acid a-Chloropropionic P-Chloropropionic 

acid acid 

Direct haJogcnation of higher fatty acids is difficult. The 
usual method for preparing tt-chloro or a-bromo acids is by the 
Hell Voihard-Zclinsty reaction (HYZ reaction)— by treating 
acid with chlorine or bromine in the presence of a small amount of red 
phosphorus. This reaction takes place probably as follows : 

RCH v COOIi-i-RCHj.COBr—+ RCHBr.COBr 

R.CHBr.COBr+R.CH.COOHisiRCHBr.COOH+RCHi.COBr 

Br. 

RCH t .COEr-►R.GHBr.COBr, etc. 

The second ot-hydrogen atom may be replaced by taking excess 
of the halogen. Bromination ceases after both o-hydrogen atoms 
have been replaced, chlorination proceeds further in the chain. 

The HVZ reaction with bromine is applicable to dibasic and 
polybasic acids also. 

(u) Iodinatton. Direct iodination is not possible,, so iodine- 
substituted fatty acids are prepared by treating corresponding tihloro- 
derivative with potassium iodide or by addition of hydriodic acid to 
unsaturated acid [Sec (m) below]. 

CHjCICCXJH+KI-►CHJ.COOH-hKCl 

Chloroacetic acid lodoacotic acid 

(Hi) From Unsmturated Acids. A molecule of halogen adds 
may be added to unsaturated adds when a saturated halogcnated 
add is obtained. The halogen atom attaches to the carbon atom 
further away from the carboxylic group—this is an exception to the 
MarkownikofT* rule. 

CH*~CH.COOH +HI——►GH t IGH,COOH 
Acrylic acid Modopropionfc add 
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This mode of addition may be ascribed to the inductive effect 
of the carboxyl group (c/. allyl alcohol). On the other hand, addi¬ 
tion of halogen acid to unsaturated acids, e.?., 

HQ 

CH 1 =CH.CH a .CH 1 .COOH-M2H s .CHCl.CH t .CH 1 COOH 

takes place in accordance with Markownikoff’s rule. This must be 
due to the fact that the inductive effect of the carboxyl group ceases 
to be felt beyond the 0-carbon atom. 

(it;) From alkylmmlooic adds. 


yCOOH 
R—CH< 

N:ooh 

Alkylmalonic 

acid 


Br, XOOH 

-► R—CBr<; 

Njooh 

Halogen-substituted 
alkylmalonic acid 


Heat 

-► RCHBr.COOH 

—CO, s-Bromo fatty 
acid 


(r) From Hydroxy acids. Hydroxyacids are treated with 
phosphorus halide and halogcnated acid produced is hydrolysed 
with water. 


CH-(OH)COOH 

Hydroiyacctic 


acid 


PCU 


>CH a ClCOCl 

Chloro-acetyl 

chloride 


H.O 


GHgClCOOH 

Chloroacetic 

acid 


General Properties : Physical. These are colourless liquids 
or solids which dissolve in water giving strongly acidic solution. 

Chemical. Halogen-substituted fatty acids, as a rule, possess 
more or less the characteristics of both the groups, viz., halogen 
atom and —COOH group, presrnt in the molecule. As will be clear 
from the following properties, they behave both as an alkyl halide 
and a fatty acid. 

(1) Reactions of the carboxyl group. Just like ordinary 
fatty acids they give rise to salts, esters, and chlorides, acid anhy¬ 
drides, etc. 


(i) 2CH a ClC00H+Na t C0 8 

Chloroacetic 

acid 


2CH*ClC00Na+C0 B +H 1 0 

Sodium chloro- 
acetate 


(«) CH.CICO 'OH + ~H lQC,H t -►CHjCICOOC.H, +H.O 

Chloroacetic ad3 Ethyl alcohol Ethyl chloioacetate 


(tit) CH^CICOOH+PCI, 
Chloroacetic 
acid 

(tv) CH.CICO Gi 

+ 

CH.ClCOOlNaJ 


■CH,ClCOCl+POCl,+HCl 

Chloroacetyl 

chloride 

CH,ClCOv 

>0+NaCl 

CH.C1CCK 

Chloroacetic 

anhydride 


The halogen-substituted acids cure stronger than the fatty a dds. 
Chloro-acidi are stronger than bromo-acidi which are stronger tVf 
iodo-acids. Similarly, tri-halogeno-acids (OC1.COOH) are 
stronger than dihalogeno-acids CHCLCOOH), which are 
stronger t.ian monohalogeno-addr (CHgCICOOH). ••substituted 
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acids are stronger than ^-substituted acids which in turn are stronger 
than y-substituted acids. 

The increase in acid strength of halogeno-acids may be explained 
by the high electron affinity of the halogen atom which exerts a 
strong inductive effect, thereby facilitating the release of proton from 
the carboxyl group. The larger the number of haiogen atoms on the 
a-carbon atom, the stronger the inductive effect and consequently 
the stronger is the acid. This explains why trihalogeno-acid is stronger 
than the dihalogeno-acid which in turn is stronger than the mono- 
halogeno-acid. 

O 

II 

X^-CH, H-C-+- O H 

Monohalogeno-acid 


O 

II 



X 

Dihalogeno-acid 


X O 



X 

Trihalogeno-acid 


The farther removed the halogen atom is from the carboxyl 
group, the weaker is the inductive effect at carboxyl group, and 
consequently weaker is the acid. This explains why a-substituted 
acids arc stronger than ^-substituted acids which in turn are stronger 
than y-substituted acids. 

(2) Reactions of the halogen atom. The halogen atom can 
be replaced by —OH, —CN, —NH a , —NO a and other groups just 
as in alkyl halides. 

See Reactions of Monochloroacetic acid on pug? 2‘35S. 

(3) Distinctive properties of a-, 0-, and y-halogeno-acids. 

In some reactions the final product is not the same when a-, 0-, and 
y-acids are separately treated with the same reagent as will be clear 
from the following examples when a-, 0- and y-chlorobutyric acids 
are boiled with an aqueous KOH solution. 

GHjCHgCHClCOOH+KOH-► CH s CH t CH(OH)COOH+KGl 

e-Chlorobutyric acid a-hydroxy-butyric acid 

KOH 

CH a —CH-CHCOOH —► CH b CH=CHCOOH + HQ 

2-Butenok; arid 
or Croteoic add 

acid 


1_L 

PT hj 

H3353Stttyric 
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KOH 

CHj.GHj.CHj.CO —► CH t .CH I .CH,.CO+HCl 
|C1_ H— O *-O 


y-Chlorobutyric acid 


r-Dutyrolactone 


Thus we find that while in a-chloro add, the chlorine atom is 
simply replaced by —OH group, the P- and y-adds lose one molecule 
of HC1 to produce an unsaturated acid and a lactone respectively. 
This behaviour can be used as a method of distinction between a-, P-, 
and y-substituted halogeno-arids. 

3. MonocUoroacttic add, GH f Gl.COOH. —Monochloroace- 
tic add may be prepared by passing chlorine through bailing glacial 
acetic acid in direct sunlight and in the absence of red phosphorus. 

Sunlight 

CH.COOH+Cl*-► CH.C1.COOH+HC1 

It may be prepared industrially by agitating trichloroethylene 
with 90 per cent sulphuric add. 

H.SO, 

CHCl=CCl i +2H 1 0-► CH 1 Cl.COOH+2HCl 

Trichloroethylene Monochloroocetlc 

acid 

Properties. Monochloroacetic acid is a deliquescent solid 
(m.p. 334K/ soluble in water and alcohol. It has a corrosive action 
on the skin. 

Chemically it is far stronger than acetic add and gives the 
reactions of both methyl chloride and acetic acid. 

(a) Reactions similar to Acetic acid . Like acetic arid it reacts 
with metaJs, metal carbonates, alkalis, alcohols and phosphorus 

halides. 


2CH,Cl.COOH 4- 2Na 2CH t CJCOONa +H, 

Sod. chloroacetate 

CHjCl.COOH + CgH,OH CH^CJ.COOC.H, +H,0 

Ethyl chloro&cetatc 

^H,Cl.COOH + PCl fi -► CH a Cl.COC1+POCl| +HC1 
Chloroacetic Chloroacetyl 

acid chloride 

fZrt Reactions similar to Methyl chloride. Just as in methyl 
chloride, the chlorine atom in chloroacetic add can be replaced by 
—OH, —CN, —NH f , —NO„ etc. 

(t) On heating with aqueous potash or moist silver oxide, 
glycollic add is formed. 

CHjCl.COOH + AgOH CH^OH.COOH + AgCl 

Chloroacetic Moist silver Glycollic acid or 

acid oxide Hydroxy acetic acid 

(it) With potassium cyanide, cyanoacetic acid it obtained. 

CH,a.COOH+KC3N CH,(CN)COOH+KQ 
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(Hi) Glycine is obtained with alcoholic ammonia. 

CH*Cl.COOH+2NH, -► CHtNHj.COOH + NH 4 C3 

Aminoacetic acid 
or Glycine 

(iv) With silver nitrite, nitroacetic acid is formed. 

CHjCl.COOH+AgNOj CH g NO a COOH + AgCl 

(v) Iodoacetic acid is obtained with potassium iodide. 

CHjCICOOH + KI GHflCOOH + KC1 

Uses. Monochloroacetic acid finds many uses in organic 
syntheses. 

4. Dichloromcetic add, GHQ^GOOH.—It may be prepared 
by adding calcium carbonate to a warm aqueous solution of chloral 
hydrate and then adding sodium cyanide solution and heating the 
mixture. 

NaCN 

2 CG 1 ,.CH (OH),+2CaCO a -►(CHCl > C00) 1 Ca+2C0 1 +Caa i 

+ 2H *° 

Dichloroacetic acid is generated by acidifying the mixture. 

(CHCl,.COO) I Ca+ 2HC1-►2CHC1.COOH + CaCl* 

The function of sodium cyanide is not clear. 

It is a colourless liquid (b.p. 467K). On careful hydrolysis with 
dilute alkali it gives glyoxylic acid. 

DiL NaOH 

CHCJ f .COOH + H*0-►CHO.COOH + 2HC1 

On vigorous hydrolysis with concentrated alkali, glyoxylic 
acid produced undergoes Cannizzaro reaction to give oxaLate and 
glycol late. 

CHO COONa CH*OH 

2 | +3NaOH -► | +| + 2 H.O 

COOH COONa COONa 

Sod. oxalate Sod. glycollate 

5. Trichloroacetic add, CGI 3 .COOH.—It can be prepared 

by oxidising chloral hydiate with concentric*! nitric acid. 

HNO, 

CC1 3 .CH(OH) i +LO]-►cci,cooh+h 2 o 

It is a colourless, deliquescent solid (m.p. 331K) and is one of 
the strongest organic acids. It gives chloroform when boiled with 
dilute alkali or even water. 

CCl 3 .COOH-► CHCI 3 +CO a 

The C—C linkage breaks readily due to the presence of three 
electronegative chlorine atoms on the carbon atom adjacent to car* 
bonyl group. 
amino acids 

6 . Amino acids.—Proteins are complex nitrogenous sub¬ 
stances which occur in plants and in most cells of *n«»ral 
body. Proteins on hydrolysis with strong inorganic acids or by 
enzymes yield a mixture of amino acids. In all about twenty-five 
amino acids are known of which ten are essential, a deficiency 
of any of these prevents growth in young animals, and may even 

came 
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Gwnl MctMi of Preparation of Ami na adda. 

(i) From halogen-substituted acids, by treating them with 
ammonia or potassiophthaJimide (Gabriel phthalimide reaction). 


CH,ClCOOH 
Cbloroacetic acid 


NH, Secondary 

-- CH,(NH,)COOH-► 

Aminoacetlc acid reactions 

NH(CH,COOH), + N(CH,COOH), 

Secondar y amino acid Tertiary amino acid 


To avoid these secondary reactions the' Gabriel’s phthalimide 
synthesis is generally used (see under Olycine). 

(it) By reduction of the oximes of aid ehydie and ketonic 


Io+hJn.oh 


N.OH 


y / Reduction 

CH,.C—COOH-►CH,.C—COOH-* CH.CHd^H^COOH 


Pyruvic acid 


Oxime of 
pyruvic acid 


Al-amalgam 


■-ammo propionic 
acid 


(it*) Strecker’a Method. Starting with aldehydes and ketones 
aminoarids can be synthesised as follows : 


CH,CH*0 

Acetaldehyde 


HCN 


NH, 


/OH 
CH.C H< 

X CN 

Cyanohydrin 
of acetaldehyde 

HOH /NH, 

-► CH,CH<^ 


-*> CH,CH 

iminoet 
cyanide 


/ 


NH, 


^CN 

■-aminoethyj 


COOH 

■-Aminoprop ionic acid 


(iv) From Proteins. Proteins on hydrolysis, by heating the 
with Ba (OH) f at 473K in an autoclave, produce a mixture of 
amino acids. This mixture on esterification gives a mixture of esters 
which can be separated by fractional distillation. The esters or 
hydrolysis give the corresponding aminoacids. 

General Properties : Physical. Most of the amino adds 
are crystalline substances having high melting points and are sweet 
in taste. Simpler acids are readily soluble in water, higher members 
are less so. They are insoluble in alcohol and ether. Except 
glyrine, all arc optically active, some being dextro-rotatorv while 
others laevo-rotatory. They give a deep red coloration with ferric 
chloride. 

Chemical. The structure of the amino acids suggest; that 
these compounds should behave both as acids and bases (amphoteric 
in nature). For example in an aqueous solution of glycine we have 
the following equilibria : 

+ OH- + OH"* 

H*N—CH a COOH w* H a N—CH a COO ** H.NCH t COO~ 

HgO+ Zwittcrion H*0+ 

HaN—CH,COOH 
neutral amino acid J 
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Hie position of the equilibrium, however, depends on the pH 
of the solution. The dipolar ion is termed zwitterion. That 
a-amino adds actually exist as zwitterions is confirmed by their 
physical properties. These are generally soluble in water and have 
high melting points (characteristics of ionic species). 

The acid centre in the zwitterion is the ammonium ion 
( — NH b + ) rather than the free —COOH group. Similarly the basic 
centre is the car'oxylate ion (—COO”) rather than the free —NH a 
group. Acidity constant, K„ for glycine«=16x 10“ w and basicity 
constant, K*—2‘5X 10~ lf . Low values of K a and K* are consistent 
with its zwitterion character. 

In general, aminoacids combine in them the properties of 
amines and fatty acids are shown by the following reactions : 

(a) REACTIONS OF THE —COOH GROUP 

(i) Due to the presence of —COOH, they possess an acidic 
nature but due to the presence of the basic amino group they arc 
neutral towards litmus. 

(«) With aljcalis 1 hey produce salts on neutralisation. 

CH a (NH,)COQ| H~T“HO |K-►CH l (NH t )COOK+H f O 

(its) With copper salts glycine gives deep blue colour due to 
the formation of a compelx as a result of coordination with the 
amino group. 


O-C—-O 


——wv y :NHj—CHj 

I >< | 

H a C —H a N: ^ X 0 - C = O 

(iv) When heated with soda lime, they decompose into amine.. 
Soda lime 


CH a (NH i )COOH-►CH s NH a + CO a 

Glycine heat Methylamjne 


(6) REACTIONS OF THE AMINO GROUP 


(i) Salt formation with adds. 

CH* (NH*)COOH+HC1-►CH 1 (NH a .HCl) COOH 

Glycine Glycine hydrochloride 

(it) Action of nitrons add. 

HjNI—CH jCOOH-►CH a (OH)COOH+N I +H a O 

0|n| HO Glycollic acid 

Glycine 

(tit) Acylation. With acid chlorides, the H-atom of the —NH, 
group is replaced by an acyl group. 

CH 1 (NH 1 )COOH+RCOCl-►CH,(NH.COR)COOH +HC1 

CHffNH^COOH +CH s COCl-^H^NH.COCH^COOHd-HCI 

Glycine Acetyl chloride Acetylglycino 

(tv) Alkylation. With alkyl halides, the hydrogen atoms are 
successively replaced by alkyl groups. 

CH.I CH.I 


HfN.CHjCOOH-►CH a NH.CH|GOOH— 

Glycine Methylglydnc 


(CH a ) 1 N.CH 1 COOH 

DasthylglyoM 


(o) Distinctive properties of p-, and y•Amino acids . Intra¬ 
molecular reactions of the amino acids on kendng depend upon 
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the positions of the amino group in the molecule with respect to 
earboxyl group, as will be clear from the following examples : 

(i) a-atnino aeuls give rise to cyclic anhydrides by losing water* 
Heat 

CH.NHIH HO |co -► CH..NH.CO 

I I I I + 2H*0 

CO|oH H|NH CH, CO.NH.CH, 

Two molecules of glycine Dilcetopipcrazinc 

Diketopipcrazine on partial hydrolysis gives a dipeptide of 
glycine. 

H 2 N—CH,—[GONHj-CH,—COOH 

Peptide 

linkage 

Peptides arc compounds obtained by linking of COOH group 
of one amino acid with NH, group of the other. The CONH group 
linking the two molecules is termed peptide linkage. 

(«) framino acids readily produce unsaturated acids with the 
loss of ammonia. 

Heat 

CH,—CH.COOH -► CH,=CH.GOOH + NH* 

| | Acrylic acid 

I nhTh J 

p-amino propionic acid 

(its) Y 'amino acids readily give rise to inner anhydrides known 
as lactams with the loss of a molecule of water. 

• CHt.CHj.CH^CO Heat CH a .CH 2 .CH a .CO 

I_!--► I | 

NH'H_OH | NH- • 

y-aminobuiync acid y-Bu tyro-lac lam 

5-amino acids and others having longer chains behave similar 
to y-amino acids. 

Analysis of a- Amino Acids. Chemically a-amino acids can 
be distinguished from amines by ninhydrin test. A solution of an 
a-amino acid on heating with ninhydrin, produces an intense blue- 
violet colour. 

We can distinguish between individual amino acids by their 
isoelectric points. We have read earlier about the equilibrium 
which exists in an aqueous solution of glycine* This equilibrium 
suggests the following : 

(0 At a lower pH in more acidic solution), the conjugate 
acid of glycine, given below, predominates. 

H,N—CH.COOH 
Conjugate acid or glycine 

(si) At a higher pH in alkaline solution)* the conjugate 
base of glycine, giv«?n below, will predominate. 

H.N—GH.COO- 

Conjugate base of glycine 
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Iii an electric field, these ions will be seen migrating to the 
oppositely charged poles. At some intermediate pH, however, no 
such migration of ions takes place. This is because at this pH, 
electrically neutral zwitterions dominate the equilibrium and 
are not attracted by any pole in an electric field. 

This intermediate pH at which electrically neutral zwitterions 
dominate the equilibrium and there is no migration, is termed 
isoelectric point. 


Each amino acid has a characteristic isoelectric point (Table 
31*1). Thus an unknown amino acid can be identified from its 
isoelectric point. 

Table 31*1—Isoelectric Points of some Amino adds 


Name Formula Isoelectric point 

Glycine H*N—CHjCOOH 60 

Alanine CH^CHlNlt^.COOH 60 

Cysteine HS.CH 1 .CM(NH 1 )<XX>H 5*1 

Aspartic acid HCXDC CH. CHfNH^.COOH 2*8 

Lencine (CH.J.CHCHfNHtJCOOH 60 

Lysine H 1 N(CH 1 ) 4 .CH(NH 1 )COOH 9*6 

Phenylalanine C € H,.CH 1 .CH(NH # )COOH 5*5 

Serine HOCH 1 .CH(NH > )COOH 5*7 


7. Glycine (aminoacetic add, glycocoD), CH fl (NH l )COOH. 

—It is the simplest amino acid which occurs in many proteins and 
certain animal excretions. For example, in combined state it is 
present in horse’s urine as hippuric acid. 


Preparation. It was originally obtained by boiling glue or 
gelatine with dilute mineral acid or alkali and has a sweet taste. On 
this account, it was named glycocoll {glukvj= sweet ; kolla~g lue). 

It may be readily obtained by treating chloroacetic acid with a 
concentrated ammonium hydroxide solution. 

CH t Cl.COOH+ 2N H a -*CH a (*N H,) CO OH+NH 4 C1 (04-65%) 

Glycine 


A pure sample of glycine may also be prepared by Gabriel 9 s 
phihalimide synthesis . This phthalimide is converted into potas- 
siophthalimide by treating with alcoholic potash. This is heated with 
chloroacetic acid and the product is hydrolysed by heating with 20% 
hydrochloric acid under pressure or refluxing with caustic potash 
solution when glycine and phthalic acid are obtained. 



jJ^>N|K4 Cl|—CHjCOOH 


Potassiophthalimide 

Ha f^ftCOOH 

Hydrolysis v^JcoOH 
rathalicadd 


—KO, 





N.CHgOOOH 


+ CH t (NH l ).COOH 

Glycine 
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Fitpm lei: FhyikftL Glycine crystallizes as white prisms 
which melt, with decomposition, at 555-560K. It is readily solu¬ 
ble in water but insoluble in alcohol and ether. It has a sweet taste 
and gives a deep red coloration with ferric chloride. 

Chemical. It is a typical amino acid and gives all the general 
reactions of the amino acids given before. 

Sorenaen formal titration. Glycine cannot be directly 
titrated with an alkali due to its amphoteric character. It can, 
however, be titrated if formaline solution is added to glycine before 
titration. Glycine gives methyleneglycine with formaline solution. 

H,NCH t COOH+HCHO —► CH,=NCH a COOH+H t O 

(an aldimine) 

In methyleneglycine the basic character of an amino group 
has been suppressed, it is, therefore, a. strong acid which can be 
titrated with sodium hydroxide using phenolphthalein as indicator. 
This method of titration is known as the Sorznaen formal titration. 

Uses. Glycine finds use in photography, medicine and in the 
manufacture of resins and varnishes. 


QUESTIONS 

Emy Type : 

1. Discuss the general methods of preparation and general properties of 
halogen-substituted acids. 

2. What methods would you suggest for the preparation of glycine V 
What properties would it possess 7 Give its important reactions. 

3. Give an account of the methods available for the synthesis of 

aliphatic amino acids. What is their physiological importance and what light do 
they throw on the structure of proteins 7 (Apra B.Sc. 1973 ; Jabalpur 1976 ) 

4. Give an account of the preparation of amino acids from natural 
sources and synthetic methods. Describe effect of heat on alpha, beta, and 
gamma-amino acids. 


5. Stale giving equations some of the chemical properties of amino acids 
Id which (a) only amino group is involved, ( b) only carboxyJ group is involved, 
and (c) both of the groups are involved simultaneously. (Kanpur B.Sc. 1971 ) 

Short Answer Type : 

1. What is the action of alkali on : 


(0 Mono-, di- and trichloroacetic acids. 


{10 0- and t-chlorobutyric acids. 

2. Write a note on relative strength of acetic acid and trichloroacetic 
acid in terms of inductive effect (explanation is required). 


3. Write chemical equations for reaction between : 

(1) Trichloroacetic acid-f Dilute alkali (boil). 

(2) Potassio phthalimide-l-chloroacetic ester followed by hydrolysis. 

(3) Oxime of pyruvic acid+Al amalgam. 

(4) Cyanohydrin of acetaldehyde+NH«—-followed by hydrolysis. 


CtiCO* ; (HI) Soda-lime 


(5) Glycine-K0 NaOH ; (10 
(r) HONO ; (W) CH.COCI; (vU) CH,I. 

(5) Action of heat on (/) Glycine ; 
atninobutyric add. 

4. Write equations for the following reactions: 

(I) Aikyimalonic add on bromtnation followed by heat. 


(iv) Ha; 
(to 0-aminopropionlc add ; (HO 
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(2) Hydroxyacctic acid+PCl, (followed by hydrolysis). 

(3) Monochloroacetic acid-HO Na ; (//) Ethanol; (Hi) PCI, ; (h) Moist 
silver oxide ; (v) KCN ; (vf) Alcoholic ammonia ; ( vif) AgNO,; (vltf) KJ. 

(4) Heating chloroaoetyl chloride with sodium chloroacetate. 

(5) Action of heat on «- t £ * and y-chlorobutyric adds. 

(6) Chloral hydrate 4-(0 CaCOj and NaCN ; (//) Cone. HNO t . 

(7) Dichloroacetic add (/) on careful hydrolysis with dilute alkali; (If) 
vigorous hydrolysis with cone, alkali. 

5. What happens when— 

(/) Trichloroacetic acid is heated *vith soda lime. 

(4f) Formaldehyde is reacted with ammonia. (Jabalpur BSc. 1976 ) 

6. What do you understand from isoelectric point ? 

(Jabalpur BSc. 1976) 

7- Trichloroacetic acid is a very strong acid. Explain why. 

(Calicut BSc. 1975) 

8- Describe any three methods for preparing amino acids. 

(Agra BSc. 1973) 

9. How would you prove the amphoteric behaviour or amino acids 7 

(Agra BSc. 1973) 

10. What is the action of heat on glycine ? (Agra BSc. 1973) 

11. Monochloroacetic acid is a stronger acid than monobromoacetic acid. 

Explain why. (Madras BSc. 1976 October ) 

12. Trichloroacetic acid is a stronger acid than acetic acid. 

(Madras BSc - 1976 Sept.) 

13. Explain wnv proteins in solution at low pH will migrate towards the 
cathode while in solutions of high pH these proteins migrate towards the anode. 

(Bangalore BSc . 1974 ) 

!4. Chloroacetic acid is a better proton donor compared to acetic acid. 
Give satisfactory explanation for this fact. (Osmania BSc. 1975) 

15. How can a P-amino acid be obtained from : (0 an aldehyde, and 

(4/) a halogen-substituted acid ? (Delhi BSc. 1976 Supp .) 

16. What are the substituted acids 7 Give any three examples of subs¬ 
tituted acids. 

17. Which is more acidic : acetic acid or monochloroacetic acid 7 Explain, 

why i 

18. How do you prepare glycine by Gabriel's phthalimidc synthesis ? 

19. What is a zwitterion ? Give names or two compounds which form a 
zwitterion. 

20. Write the formula of the zwitterion given by glycine. Point out the 
acid and basic centre in it. 

21. What predominates in the aqueous solution of glycine, (*) at lower pH 
W.e.p mote acidic solution) and (it) at higher pH (it., in alkaline solution) 7 

22. Why does glycine give deep Uue solution with copper salts ? 

23. Is ethyl ester of glycine distinctly acidic or basic ? Give reasons. 

24. What happens when glycine is heated 7 

25. What happens on partial hydrolysis of diketopiperazine ? What is a 
peptide linkage 7 

26. What is Sorensen formal titration 7 

27. Can glycine be estimated by titration with a standard alkali 7 Give 
reasons. 

28. Chloroacetic acid is a better proton donor compared to acetic acid. 
Give satisfactory explanation for this fact. 

29. Explain why glycine behaves both as an acid and a base. 

(Delhi B.Sc. 1978) 
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1. Hydroxy acids. —These are derived from acids by replac¬ 
ing one or more hydrogen atoms of the hydrocarbon radical by 
corresponding number of hydroxyl groups. A few common hydroxy 
acids are : 


CH,OH.CPOH 

CH a .CHOH.COOH 

CH,OH.CH,.COOH 


CHOH.COOH 

C^H.-COOH 

CHOH.COOH 

c!hoh.cooh 

CH.COOH 

(l^OH).COOH 

<!h,.cooh 


Hydroxyaceiic acid or Glycollic acid 
qt-Hydroxypropiooic acid or Lactic acid 
P-Hydroxypropionic acid or Hydraulic acid 
Monohydroxysuccinic acid 
or Malic acid 

Dihydroxy succinic acid 
or Tartaric acid 


2-Hydroxypropane-l, 2, 3-tricarboxylic acid 
or Citric acid 


2. General Methods of Preparation of Hydroxy acid*.— 

Hydroxy acids contain the two characteristic groups, the —OH and 
the —COOH groups, and can be prepared by introducing one of 
them into the molecule in which the other is already present, intro¬ 
ducing both in case none is already present. The following methods 
will make it clear : 


(a) Introduction of —OH group when —COOH group is already 
present. 

(t) By boiling the chloro-acid with dilute alkali* moist silver 
oxide, or sodium carbonate solution. 

CH a ClCOOH+AgOH-► CH,(OH)COOH+AgCl 

Chioroacetic acid Glycollic acid 


(ii) By treating the amino acids with nitrous acid (So dium 
nitrite and dilute mineral acid). 

ON IOH HONO 

HJN JCHfCOOH-► CH*(OH)COOH-hN 1 +H i O 

Glycine Glycollic acid 


(tit) By reduction of aldehydic and ketonic acid. 

2H 

CH-CO.COOH- 

Pyruvic acid 


CH.CH (OH)GOOH 
Lactic acid 


2-366 
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(0) Introduction of —OOOB grotty when —OB group w eiready 
pru mtt , tjf. t by ox khtioa of polyfaydric alcohola, etc. 

o 

CH,(OH) .CH*OH-► CH.(OH)COOH 

Ethylene glycol dil. HNO, Glycoluc add 

l> 

GH,CH(OH).CH a CHO-► CH a CH(OH)CH f (X)OH 

Aldol p-hydroxybutync acid 


(c) Introduction of both —OH and —COOH groups when nans 
tf already present. Cyanohydrin* obtained from aldehydes and 
ketones give hydroxyacids on hydrolysis, e.£., 


HCN /OH H|0 

CH 1 CH=0-► CH 3 

Acetaldehyde 

Acetaldehyde 
cyanohydrin 



CH i CH(OH)COOH 
Lac tic acid 


3. General Properties : Physical. —These are colourless 
crystalline solids or syrupy liquids extremely soluble in water but less 
soluble in alcohol and ether. Their melting and boiling points are 
much higher than those of parent acids. They are stronger acids as 
compared with their parent acids. 

Chemical. Their molecules are made up of (*) one or more 
hydroxyl groups, and (it) one or more carboxyl groups. Their pro¬ 
perties are, therefore, properties of these groups as given under 
individual acids. 


Action of heat on various hydroxy acids is of special interest 
and the products obtained are determined by the relative positions 
of the two functional groups as illustrated below : 


(t) a*hydroxy adds give rise to cylic anhydrides or lactides 
by the elimination of two molecules of water from two molecules 
of the acids when —OH group of one reacts with the —COOH 
group of the other and vice vtrsa m 


CH f O|H_HO[ CO 


i 


CO|OH H|0—CH, 

Glycollic acid (2 molecules) 
CH.CHOfH HOIOC 


COj OH H |Q—CH.CH, 

Lactic acid (2 molecules) 


Heat CH,—O—CO 

-► | | + 2H,0 

CO—-O—CH, 

Lactide (glycollide) 

Heat CH,CH— O—CO 
—* | | +2H.O 

CO—O—CH.CH, 

Lactide 


(»») (^-hydroxy tcidi lose a molecule of water on heating, pro¬ 
ducing an unsaturated acid. 


Heat 

GHj—CH—COOH -1 


|OH HI 

p*ayaivxypn)|MO(iic acta 


CH t =CH.COOH J-H.O 
Acrylic add 
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Heat 

GH.—GH—<31—GOOH -► CH,—CH CH—COOH 

| | —HiO Crotonic acid 

(OH H| 

^-hydroxybutyric add 

(Hi) y* and 8-hydroxy adds are very interesting in this respect 
■tiH Jose a molecule of water more readily by the interaction of the 
—OH —COOH groups of the same molecule. On heating an 

aqueous solution of a y- or 8-hydroxy acid, it loses water to produce 
inner ester known as lactone. 


CH,—CH—CH, 

I_ | -* I 

( OH H iO—CO —H.O O- 

y-Hydroiybutyric add 

IOH H ]P 

rcLi.ch,.ch,.ch,.cmd 

•-hydroxy add 


Heat CH*—CH*—CH* 


i 

-CO 


y-Butyrolactone 


-O- 


R.CH.CH 1 .CH 1 .CH,.CO+H,0 

•-lactone 


a-, P-, and y-hydroxy acids can be distinguished from one an¬ 
other by their behaviour on heating. 

SOME INDIVIDUAL MEMBERS 


4. GRooUic acid, Hydroxymeetic add, Hydroxyethanoic 

add, CH*(OH) .COOH. —It is the simplest hydroxyacid found in 
unripe grapes, tomatoes and sugar-cane juice. 


Preparation. (,") By refluxing an aqueous solution of potassium 
cMoroacetate with sodium carbonate and then acidifying the mixture 
with hydrochloric acid. 

CH/31.COOK+H i O-*CH i OH.COOH+KCl (80%) 

(*») By warming formalin with potassium cyanide solution and 
than acidifying the product with hydrochloric acid. 


HCHO + KCN -f 2H,0 


—NH, 
HQ 


CH,OH.COOK 
CH,OH.COOH (70%) 


(»»•) By the action of nitrous add on glycine. 

HO|N IO 

C H^|N lH,.CQ0H-|-H0N0->-CH,(0H)C00H+N,-i-H,0 


Glycollic acid 


(*■) 


(tv) Manufacture. Glycollic acid is prepared industrially by the 
electrolytir reduction of oxalic acid. 

COOH CH.OH 

+ 4[H] -► | + H,0 


COOH 


GOOH 


A more recent method for the same it by heating (at 433- 
44SK) under pressure a mixture of formalin, carbon monoxide 
water in acetic acid with sulphuric acid as catalyst. 

HCHO + GO + H.O -► CH.OH.OOOH 

Glycollic add 
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Properties : Physical. Glycoilic acid is a hygroscopic, crys¬ 
talline solid (m.p. 353K), readily soluble in water, ethanol and ether. 

Chemical. Tlic molecule of glycoilic acid is made up of (i) enr 
primary alcoholic group (—CH*OH), and (ii) one carboxyl group 
(—COOH). Its properties are, therefore, the properties of these two 
groups as given below : 

1. Reactions of the Alcohol On^p : 

(t) Oxidation. Upon oxidation, it gives glyoxalic acid and 
then oxalic acid. 

CH*OH O nno o COOH 

COOH COOH COOH 

Glycoilic Glyoxalic Oxalic 

acid acid acid 

(ii) With Halogen acids. With hydrochloric acid, the —OH 
group is replaced by the Cl-utom while with hydriodic acid it is 
reduced to acetic acid. 

CH,(OH)COOH -r HC1-► CH.CLCOOH + H,0 

Glycoilic acid Monochloro- 

acetic acid 

CH 2 (01I)C00H + 2IiI-► CH,COOH + I, + ^O 

(iii) Acetylation. With acetyl chloride, the —OH group is 
aretylated. _ 

CH,0 H V Cfl CQCH. CH,O.COCH, 

I -* I + HCi 

coon cooh 

2. Reaction* of ihe Carboxyl Group : 

(i) With alkalis or carbonates. Salts are produced by neu¬ 
tralization when glycoilic acid reacts with alkalis or carbonates. 

CH 3 OH.C:OQ[H " +~ H O[Na-►CH.OH.COONa - H.O 

Sod. g!ycolla:c 

CH a OH.COOH + XH 3 ->CH a OH.COONH 4 

Amm. glycollatc 

(ii) Esterification. With alcohols, glycoilic acid gives esters, 

CH ! OH.CO|oh'TTiIOCjH,,-* CH^OH.COOCjHj+HjO 

Glycoilic acid Ethyl alcohol nhvl glycollatc 

3. Reactions involving Itoth Groups : 

(i) With metallic sodium. Disodium “lycollate is formed 
when jjycollir acid reacts with metallic sodium. 

CH*OH C^ONa 

| + 2Na -► | + H, 

COOH COONa 

(«) With Phosphorus pentachloride. Glycoilic acid reacts 
with phosphorus pemachlori !e when the two —OH groups are 
replaced by —Cl aton ■ to ibrni chloroacetyl chloride. 

TOC—H;1'13-24 
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CH a OH 
I +2PCI, 

COOH 


Glycollic 

acid 


CH,C1 
I 4- 
COC1 


Chloroacetyl 

chloride 


2POC1.+2HC1 


(•'«) Action of Heat. On heating two molecule* of glycollic 
add form a glycollide by elimination of two molecules of water. 

CH»0|H HOjOC CH 9 —O-CO 

I + I-► | I + 2H,0 

CO [ oh h OCH, CO—O—CHj 

Glycollide 

Uies. Glycollic acid is largely us£d in cloth-printing. 

5. L acti c acid ( a-hydroxypropionic acid , 2-hydmxypmpano it 
rtC-id)* GHfGHOH.GOOH. —Lactic acid is present in milk whence ii 
derives its name (Latin foe=milk). 

Preparadm. Lactic acid may be prepared : (i) By the hydro¬ 
lysis of the cyanohydrin of acetaldehyde,. 

✓OH HjO OH 

GH l GH=0 +-HCN-> CH.CH' -►CH J CH< 

Acetaldehyde ^GN N^OOH 

Cyanohydrin Lactic acid 

(ti) By the hydrolysis of a-brornopropionic acid with silver oxide 
in water or with sodium hydroxide solution. 


GH. GHBr.GOOH+HOH+CH.CHCOH) COOH+HBr ( 0 .-**.) 

{Hi) M a nnf acture. Technically lactic arid is prepared by the 
fermentation of sugar with lactic bacilli (in sour milk or decaying 
cheese) at 310-315K in the presence of powdered chalk. Chalk helps 
to keep the acidity below 1 % and is necessary because even 1 % free 
acid renders the bacilli inactive. Crystals of calcium lactate separate 
and are removed. Free acid is regenerated from the calcium salt 
with requisite quantity of dilute sulphuric arid. The calcium sul¬ 
phate is filtered off and the filtrate distilled under reduced pressure 
to get free lactic acid. 

Properties : Physical. Lactic arid is a colourless syrupy 
liquid (m.p. 291K ; b.p. 395K) having a sour taste and smell. It is 
hygroscopic in nature and is very soluble in water. It is optically 
active and exists in three distinct forms {see page l a 190). 

Ch emic al. Lactic acid resembles glycollic acid and gives the 
usual reactions of an alcoholic (OH) and a carboxyl (COOH) group. 
For example, it gives salts with alkalis, esters with alcohols and acid 
chloride with phosphorus pemachloride. With halogen adds also it 
gives the usual reactions of an alcoholic group A few special 
reactions are: 

U) Oxidation. On oxidation with hydrogen peroxide, lactic 
add gives pyruvic add—a ketonic add (showing the presence of a 
secondary alcoholic group)* 

CH t .CH(OH).C©OH—►CH f CO.COOH+H i O 

Lactic acid Pyruvic acid 



SUBSTITUTED ACIDS-1I 2371 

Oxidation with dilute acidified potaaaium permanganate, how¬ 
ever, yields acetaldehyde. 

KMnO, 

CH,CH(0H).C00H+0 -► CH,CHO+CXD 1 +H t O 

(it) Heat. When heated, a lactide is formed {of., glyoollide). 

chj.cho|h ho lex: -2H,o ch.-Ch—o—go 

I , I —- I I 

C°)OH_HjOCH-CH, CO—O—CHGH, 

Lactic acid f Two molecules ) Lactide 

(mi) Hydrolysis. When heated with dilute sulphuric acid, 
lactic acid undergoes hydrolysis as given below : 

CH s .CH(OH)COOH -► CHgCHO 4- HCOOH 

Lactic acid Acetaldehyde Formic acid 

Concentrated sulphuric acid brings about the hydrolysis more 
rapidly and decomposes formic acid Further into caifeon monoxide 
and water. 

Uses, (i) For removing lime from hides. 

(it) In dyeing industry. 

(ui) Ethyl lactate finds use as a solvent for cellulose nitrate. 

(iv) Calcium lactate is used in medicine and in hairing powder. 

6. Malic Acid, Mraohydroxysuccmic acid, 
HOOC.CHft-CHOH.COOH. —Malic add occurs in sour apples, 
grapes and berries. Scheele prepared it first in 1785 from unripe 
apples (Latin, malum —apple) and hence the name. 

Preparation, (i) Malic add may be prepared from mountain- 
CPUS berries. The juice is boiled with calcium hydroxide solution when 
calcium malate is precipitated. The precipitate is filtered and decom¬ 
posed with a calculated quantity of dilute sulphuric acid. 

(tt) By heating maleic add with dilute sulphuric add under 
pressure. 

CHCOOH DiL H.SOg CHOH.COOH 

II f H.O -► | 

CHCOOH CHjCOOH 

(m) In the laboratory it can be conveniently prepared by heating 
bromoswcinic acid with silver oxide suspended in water. 

CHBr.COOH CHOH.COOH 

| + AgOH -► | + AgBr 

CH,COOH CH.COOH 

(»c) By careful reduction of tartaric acid with concentrated hydr- 
iodic acid. 

CHOH.COOH CHOH.COOH 

+ 2HI —► | +H.O+I, 

CH 3 OOOH 

Malic add 


CHOH.COOH 
Tartaric acM 
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Properties : Physical. Malic acid is a colourless, crystalline 
and deliquescent solid readily soluble in water and alcohol* It is 
optically active and exists in three distinct forms [stt page 1*192). 

Chemical. It behaves both as a secondary alcohol and a 
dibasic acid. Inspection of the formula shows it to be an a-hydroxy - 
acid with respect to one carboxyl group and a fl hydroxy acid with 
respect to the other : 

(t) On heating, it eliminates water to form maleic anhydride 
and fiimaric acid—an unsaturated acid (not a lactide). Thus ii 
behaves like a 0-hydroxyacid. 


CHOH.COOH 


:ooh 

; acid 


CH.CC 
Malic a 

CHOH.COOH 

GH^COOH 
Mafic acid 


CH.GOv 
II x .O 

CH.CO^ 
Maleic anh>dnde 

H—C—CO OH 
II 

HOOC—C—H 
Fumanc acid 


+ 2H.O 

+h 2 o 


(»*) On reduction with hydriodic acid, il yields succinic acid 

CHOH.COOH CH-.COOH 

| +2H1-* | + 1,+H.O 

CHjGOOH CHj.COOH 

(*»*') On careful oxidation, it is converted into oxal-acetic acid— 
an acid which exhibits keto-cnol tautomerism like aretoacetic acid. 


CHOH.COOH 

I 

CHXJOOH 
Mafic acid 


CO. COO H 


CHjCOOH 

(kefo form) 
Oxal-acetic acid 


C(OH).COOH 

II 

CH.COOH 

{eno! form) 


Ums. Malic acid is gradually rrplacing citric and tartaric 
acids used in beverages. It is also used as a purgative and as a 
remedy for sore-throat. 


7. Tartaric add (a : * -dihydroxyevecinir arid), 

HOOC.CHOH.CHOH.COOH — 

Manufacture. Tarta ric ac id as such or is its potassium salt 
occurs in grapes, tamarind (V*rdt) and berrie.. -1 ryul which separates 
as crust during the fermentation of grape juice is impure acid potas¬ 
sium tartrate. It is boiled with chalk until neutral. Calcium tartrate 
precipitate is filtered and potassium tartrate in the filtrate is also 
precipitated with calcium chloride. 


CH(OH).COOK 
2 I 

CH(OH) .COOH 
And pot. tartrate 


+CaCO, - > ■ 


CH(OH)COO 

CH(OH)COO 
Calcium tartrate 



CH (OH) .COOK 
+ i 

UH (OH).COOK 
Potassium tartrate 


+ COj-j-HfO 
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CH(OH).COOK 


-i-CaCl, —-*■ 


CH(OH)COO 


\, 


CHCOHJCOq/ 


Ca+2KCI 


CH(OH).COOK 

The prccipirate of calcium tartrate is decomposed with dilute 
sulphuric acid (calculated quantity) and filtered when calcium 
sulphate is left as residue and tartaric acid crystals are separated on 
concentrating the filtrate. 

CH(OH)COO x GH(OH)COOH 


CHIOHJCOO/ 


Ca + H,S0 4 — 


CH(OH)COOH 
Tartaric acid 


+ CaSO t 


Synthesis (i) Tartaric acid can be synthesised from elements 
a'* follows : 


Elec. CH 


H, 


CH a 


t a Br v CH 2 Br + 2KCN CH,CN 

-C4 H ? -► HI -*11 -* |-- I 

aic CH Pd/BaSOi CH 2 CH a Br -2KBr CH.GN 

Acetvlcne Ethylene Ethylene Elhylene- 

bromidc cyanide 

H»0 ClijCOOH Br, CHBrCOOH ApOH CH(OH)GOOH 


CH.COOII 

Succinic 

acid 


CHBrCOOH 
a : a'-Dibrorr.o- 
su'~cinic acid 


Cl I (OH)COOH 
Tartaric acid 


(w) It ain nlv be ?r\ nthesised by boiling a : a'-dibromosuccinic 
and wiih silver oxide suspended in water. 

CTIBr.COOH CIIOH.COOH 

! 2AgOH-► | + 2AgBr 

CHBr.GOOH CHOH.COOII 

Hit) The ano is ai§o forincd by the hydrolysis of glyoxa] 
cyanohydrin. 

CHO HCN CHOH.CN H.O CHOH.COOH 


CHOH.GOOH 
Tartaric acid 


CHO CHOH.CN 

Glyoxal Glyoxal cyanohydrin 

Properties : Physical. It is a colourless ciystalline substance 
(m.p. 440K) soluble in water and alcohol but insoluble in ether. 
It is optically active and due to the presence of two asymmetric 
carbon atoms, occurs in four isomeric forms (optical isomerides — see 
p.ige 1 ’193). 

Chemical. A molecule of tartaric acid is made of (i) two 
secondary alcoholic groups, >CHOH, (ri) two carboxyl groups 
—COOH. Its properties are, therefore, the properties of these 
groups. For example, 

(i) It gives two series of salts, when treated with alkalis or 
carbonates. 

CH(OH)COOK €H(OH)COOK 

CH(OH)COOH CH(OH)COOK 

Acid pot. tartrate normal pot. tartrate 
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(it) It gives the anhydride on prolonged heating (425K) but 
chars at higher temperatures. 

CH(OH)COOH —H,0 CH(OH)COv 

| -*■ I /O 

CH(OH)COOH CH(OH)CCK 

Tartaric acid Tartaric anhydride 


(m) With hydriodic acid, the two —OH groups are successively 
replaced by H-atoms and we get first malic acid and then succinic 
acid. 


CH(OH)COOH HI 

CH(OH)COOH 
Tartaric acid 


CH(OH)COOH HI GH z COOH 

CH,COOH dlH.COOH 

Malic acid Succinic acid 


(tt>) With hydrobiomic acid, the two —OH groups are replaced 
by two Br-atoms to give dibromosuccinic acid. 


CH(OH)COOH 

CH(OH)COOH 


+ 2HBr 


CHBr.COOH 
I + 2H.O 

CHBrCOOH 

Dibromosuccinic acid 


(«) Oxidation of tartaric acid gives tartronic acid but with 
strong oxidising agents, oxalic acid is produced. 

CH(OH)COOI! o CH(OH)COOH o COOH 

I -*■ I — I 

CH ( OH) COOH COOH COOH 

Tartaric ar ; d ‘ T ')rtr^nic acirt Oxalic acid 


With Fenton’s reagent fII 2 O z + a ferrous jalt), tartaric acid 
oxidised to dihydrox) unaric at id. 


CHOH.COOJT rrntonv CfOH) COOH 


CHOH.COOH reagent 
Tartaric acid 


C(OH).COOH 

Dihydroxy funaric acid 


is 


(rt) Formation of complsj In Fehling’s solution (Cu50 4 + 
Rochelle salt+NaOH) the insoluble copper hydroxide first formed 
goes in solution due to the fonn.ition Vi a complex. Thr structure 
of complex is uncertain. It may Ik* 


/ 

\ 


O—CH.COONH 

I 

O—(JH.COOX 


UiM. (i) In effervescent drinks and iu making saline drinks. 

(n) Rochelle, mlt (Sodium potassium rartrate) is U3ed iri 
Fehiing’s solution, Seidlitz powder (a laxative) and in silvering of 
mirrors. 

{iii) Tartar emetic potassium antimonyl tartrate, [C f H 4 O f K 
(SbO).|H a O] is used in medicine as emetic and in dyeing and calico- 
printing as mordant. 

(»«) Cream of tartar (potassium acid tartrate) is used in dyeing 
and making baking powders. 
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Tests, (i) Whe*. heated strongly, tartaric acid or tartrates 
char rapidly giving a smell of burnt sugar. 

(if) With hot concentrated sulphuric acid charring and smell 
of burnt sugar is accompanied by the evolution of carbon monoxide, 
carbon dioxide and sulphur dioxide. 

(•»•) A neulral solution of a tartrate gives with silver nitrate a 
white precipitate soluble in ammonia. A silver mirror is obtained on 
warming the ammoniacal solution. 

(iv) With calcium chloride, the neutral solution of a tartrate 
gives a white precipitate soluble in sodium hydroxide. The preci¬ 
pitate rrapprars on boding the solution (Distinction from oxalate j). 

(t) On adding Fcmon’s reagent (hydrogen peroxide containing 
a little of fcirous salt) and ramie soda, tartrates give a violet 
coloration. 

Structure, (i) The moWulai formula of tartaric acid as 
determined from its anaistir.il data and molecular weight determi¬ 
nation is C|H s O a . 

(ii) It gives two srijr-s r)f salts and esters. This shows the 
presnicr of two —GOOII groups. 

(m) Since it does not give anv ear bon dioxide on heating, the 
two c.uboxyl groups must be attached to two different carbon atoms. 

(ir) Its rtliyl ester givr s a d:arrt\I derivative with acetic 
anhydride. This shovvs the pi i v uc r ui iwo —OH groups in the 
molecule. The two —OH gioups must be attached to two different 
carbon atoms as the molerulr is tjuite stable. 

(r) Keeping all thrse laets in view, the unh possible structural 
formula for tartaric arid could be 

HO -GH- COOH 

I 

HO—GH -coon 

(vi) This is further couhimrd bv the fact that it gives succinic 
acid on rrduction with hydi iodic ai id. It is also supported by its 
synthesis from glyoxal as <*ivrn above. 

8. Citric acid (2 -hydroxy pro pant-l :2: 3 -tricarboxylic acid), 
HOOC.CHn--C(OH).COOH “CH 3 .COOH.—Citrus fruits such as 
lemon, lime, orange and galgal wliirh contain free citric acid consti¬ 
tute the natural sources of llie acid, r..g., lemon juice contains 6-10 
per cent of citric acid. 

Preparation. Different methods used for the industrial pre¬ 
paration of citric arid are : 

(t) From citrus fruits. June ol any of the citrus fruits given 
above is extracted and boiled. flic albuminous matter is coagulated 
and filtered off. The filtrate is neutralized with chalk (CaCO a ) and 
filtered again. Calcium citrate is deposited when the filtrate is boiled. 
This is separated and decomposed with a calculated amount ol 
sulphuric acid. Calcium sulphate precipitate , is removed and the 
solution concentrated to tret ritr^r orlrl 
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(«) From Sugar or Molasses. The acid is now being manu¬ 
factured by fermentation of dilute sugar solution or diluted molasses, 
in the presence of certain inoig;anir salts by various moulds or fungi, 
t$. t Citromyces prefferianvj. 

Synthesis. Citric acid may be synthesised from elements by 
the following reactions, this synthesis also shows its structure. 

CH,OH CH f CJ CH.Cl 

As given | HClheat | O | HCN 

C+H,-* CHOH-► CHOH- >CO -► 

on page | in acetic | | 

2' 163 CH 2 OH acid CH,CJ CH,C1 

Glycerol 1, 3-dichlorohydrin Dichloroacetone 


CH,CI KCN 

CHoCN H,0 

| “ _^ 

CHjjCOOIJ 

C(OH)CNT 

| 

C(OH)CN 

j 

C(OH)COOH 

CH,CI 

Dichloroacetone 

cyanohydrin 

CH,CN 

CH.COOH 

Citric acid 


Properties : Physical Citric arid rrystalJizcs as white mono- 
hydrate crystals whit h lose the water of rrvsfallizalion at 403K and 
meit at 426K. It h rradih snlublr in wafer and alcohol but insoluble 
in ether. It k s not opticalJv artivp. 

Chemical, Jt behaves both as an alrohol and iribasir arid 

t.g., 

(t) With alkali* or '^cnhol* it r ;Ivr.s thrrp srrirs of salts and 
rsters. 

(«) With acetyl chloride, it forms the mnnoa<etyl derivative. 

cif.coori CHjCOOH 


C(OH)COOH f CIIjCOCl qO.COCHJ.COOH+HCI 


CHjCOOH 

with h\drioclir arid, ritrir arid gives tri- 


CII 7 COOII 

'in) On radiation 
carbaliyljf . * * 

CthCOOH 
I HI 

UOIDCUOH —■* 

i 

cn.coou 

Citric acid 

Till) On hr-atiiu; to 423K, it 

aconitic acid. 

cii,.coon 

G(OH).COOH 

I 420K 

CH.COOIl 

Curie acid 


c;h. 2 cooii 

l 

GH.COOH 

I 

CK 3 COOH 

T ricarballylic acid 

loses a molecule of water to give 


CH.GOOH 

II 

C.COOH H>0 

I 

CH,.COOH 
Aconitic scid 
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(v) On dealing with concentrated sulphuric acid, aconitic add 
is obtained but with fuming sulphuric acid, citric acid forms acetone- 
dicarboxylic and. 

CH a COOH CH a .CO OH 

C(OH).COOH -► CO + CO + H,0 

I I 

CH,COOH CHjCOOH 

Citric acid Acctonedicar boxy lie acid 

Urn. Citric arid finds use ; 

(t) In making beverages, e,g., lemonades. 

in) As a mordant in dyeing and calico-printing. 

(Hi) Feiri'' ammonium citrate, magnesium citrate, sodium or 
potassium citrate are used in medicine. 

(iy) Ferric ammonium citrate also finds use in making blue¬ 
prints. 

(u) Esters of citric acid Iz.g., tributyj citrate) find use as 
plasticizers for lacquers and varnishes. 

Tests. (i> When heated gently with concentrated sulphuric 
acid, carbon monoxide is evolved and the mass turns dark brown. 
When heated alonr, citric arid chars giving irritating vapours but 
no smell of burnt sugar (c/. tartaric acid). 

(ii> No prnipitate is obtained when calcium chloride is added 
to the neutral solution of a citrate. On boiling, however, a white 
precipitate is obtained which is insoluble in caustic soda but soluble 
in act-tic acid. 

With ammontacal silver nitrate, the neutral solution of a 
citrate gives a white precipitate soluble in ammonia. Silver is 
deposited slowly on boiling this solution. 

Structure. (7) The molecular formula of citric acid as 
deduced from its analytical data and molecular weight determination 
is CiHgOy. 

(it) It giv es three scries of salts and esters. This shows it is a 
tribasic acid. It dors not give any carbon dioxide on heating. The 
three carboxyl groups must, therefore, be attached with Ihree 
different carbon atoms. 

(if 1 ) With acetic anhydride, citric acid gives a monoacetyl 
derivative. This shows the presence of one — OH group. 

(»V) Keeping these facts in view, the possible structures of citric 
acid are : 

HO—Cl 1—CJOOH CH a COOH 

I I 

CH-COOH or HO—C—GOOH 

I I 

CH,—COOH GH t —COOH 

i n 

(v) Synthesis of the acid as given above supports the formula 
II. Hence formula II represents the structure of citric acid. 
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QUESTIONS 

Essay Type: 

1. Enumerate the general methods for the preparation of aliphatic hy¬ 

droxy acids and explain how will you proceed to distinguish a-, p- and Y-hydroxy- 
tcids from one another ? (Jammu B.Sc . 1977 ; Kashmir 1975 \ Delhi 1971) 

2. How is glycollic acid prepared 7 What are its properties 7 

3. Describe the method of preparation of lactic acid. How does it react 
with (0 Hydrogen peroxide, (ii) Hot dilute *ulphunc acid. (///) Dilute aci¬ 
dified potassium permanganate ? What happens when it is heated 7 How many 
optical isomers of lactic acid are known 7 Give their structures. 

(Delhi Pre-Med. 1972) 

4. Give two methods for the synthesis of lactic acid. Describe the 

properties of the acid and discuss its isomerism. ( Calicut B.S r. 1973) 

5. (a) How are the diffeunt forms of tarLaric acid prepared V What arc 
their important properties ? How is their isomerism explained ? 

(Calicut B.Sc. 1972 ; Meerut B.Sc. 1968 ; Rajasthan 1968) 

4. How is citric acid prepared 7 Describe its important properties and 
discuss its structure. How does it differ from tartaric acid ? 

(Kerala B Sc. 1972 ; Delhi 1971) 

7. What are a-, P- and y-hydroxyacids and how are these differentiated 7 

Establish the structure of citric add by ration;:! synthesis. How docs citric acid 
react with acetyl chloride and hydnodic acid 7 ( Delhi B.Sc. 1971 ; Punjab 1969) 

8. Starting from CH a BrCOOC,H» how will you synthesize cimc acid ? 

Give tests to distinguish citric acid from tartaric acid. What happens when citric 
acid is—(!) heated to 423K, (//) heated with fuming H f S0 4 . and (in) subjected 
to pyrolysis 7 {Rajasthan B Sc. 1970) 

efeort Answer Type : 

1. How would you show that lactic acid is an p-hvdioxv acid ? 

(Delhi kSc. 1976 Supp.) 

2. How would you synthesise tartaric acid, starling from acetylene.- " 
Indicate the reagent and conditions employed for each step involved- 

(Delhi B.Sc. 1976) 

3. How will you synthesise tartaric acid from clhcne 7 Give one test for 

tartaric acid. ( Delhi B.Sc. 1976) 

4. What happens when tartaric acid is treated with (a) hydriodic acid, 

( b ) cone. H a S0 4 , (c) hydrobromic acid, (d) PCI, ? (DelhiB.Sc. 1977 , 76) 

5. Describe the process of recovery of tartaric acid from fermentation 

of grape juice. (Delhi B.Sc. 1976) 

6. How would you show that malic acid is — 

(i) an a-hydroxy acid, (ii) a p-h> ilrnxy acid. 

(Delhi BSc. 1976) 

7. Give the synthesis of citric acid. (Jammu B.Sc. 1977) 

8. Hnw is lactic acid prepared ? What happens when it is subjected to 

mild oxidation 7 (IW/ri B.Sc. 1971 Supp.) 

9. Wny are threr varietirs of lactic acids known ? How many of them 

are optically aenvr > Write their structures. (Drl/d B Sc. 1978 Supp.) 

10. How will you justify the presence of ihree carbonyl groups and one 

hydroxyl group in the molecule of citric acid ? (Delhi B.Sc . 1978 Supp.) 

11. What happens when citric acid is subjected to : (i) brat, (ri) heating 

in presence of fuming sulphuric acid ? (Delhi B.Sc. J978 Supp.) 

12. How is citric acid obtained from 1, 3-dichloro -2-prupanone ' 

(Delhi B.Sc. 1978 Supp.) 

13. Starting from acetylene how can you get lartaric acid ? 

(Delhi B.Sc. Hans, Sub . 1978 Supp,) 

14. What is the effect of heat on •- and v-hydroxy monocaiboxylic acid ? 

(Delhi BJSc. 1978) 
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1. Alicyclic Compounds.—So far we have discussed the open 
chain compounds called aliphatic compounds and their derivatives. 
There are a large number of compounds having closed chains of 
carbon atoms. These are called caibocyclic or homocyclic com¬ 
pounds. A number of carbocyclic compounds rrsemble aliphatic 
compounds in many ways and are, therefore, called alicyclic com¬ 
pounds (from aliphatic and cyclic compounds). 


Saturated alicyclic hydrocarbons have the genera] formula 
CS^HgM (same as that of the olefins) but they do not contain any 
double bond. Since they are made up of a number of methylene 
groups arranged in closed chains, they wctc named polymethylenes. 





Tri methylene 



Pcntamcihyicnc 


According to the IUPAC system, saturated alicyclic compounds are 
named as cycloalkanes or cycloparaffins. Individual members take 
the name of the corresponding alkane. For example, 


CH g —CH, 
Cyclobutane 


CH 


/CH.-CH.^ 

■XCH.-CH,/' 

Cyclohexane 


CH, 


Unsaturated alicyclic compounds are named after the corres¬ 
ponding aliphatic unsaturated compounds. Thus compounds with 
one double bond arc cycloalkenes and others with two double bonds 
are cycloalkadienes. Some individual members are : 


CH,—CH, V 
I >CH 

CH,—CH ' 
CycJopcntene 


,CH=CH V 
CH,' /CH. 

n CH- CH 7 
1,4-Cyclohexadiene 


2. Cycloalkanes, Cycloparaffins or Polymetkylenes.— 

Cycloalkanes are often termed naphthenes, as cycloalkanes containing 
five and six carbon atoms occur in naphtha, a fraction of petroleum. 
Three, four and five membered cycloalkanes o'xur in plants as 
essential oils (terpenes). 

General Methods of Preparation 

(i) By treating a, w-dihalogeiw derivatives of alkanes with sodium 
or zincj e.g., l,4*dibromobutane forms cyclobutane. 
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CH,| 
CH,I 


Br 

Br 


2Na 


I : 4-dibromobuiajic 


CH|—CH, 

CH,—(!h, 
Cyclobutane 


2NaBr 


The method is an extension of Wurlz synthesis and may be 
regarded as internal Wurtz synthesis. Lower members up to cyr.lo- 
hexanes are prepared by this method. 


(«) By heating calcium or barium salt of a dicarboxylic acid and 
nd'UCtion of the cyclic ketone so obtained. 


CH..CH.COIOV 
| I >Ca ! 

CH..CH. COO__) 

Calcium adipate 


CH.C H,v 

I >CO + CaCO. 

CH.C H/ 

Cyclopentanone 


CH a .CH aVv 


CO + 4[H] 


Cyclopentanone 


Zn/Hg i-HCl 


(Clemmensen 
reduction) 


CH a -CH* x 

c!h,—CH,/ 


CH, 


Cyclopentanc 


(i»i) Six-membered alicyclic compounds are conveniently pre¬ 
pared by the catalytic reduction of benzene and its derivatives. 


/CH-" t H v Ni, 470K 

CH£ + 3H,-> 

N CH— CH' under 

Benzene pressure 


CH. 


.CH,-CH, X 
< >CH 

X CH,—CH/ 
Cyclohexane 


i 


,CH=CH 

HC^ 

N CH-CH 

Phenol 


^C.OH + 3H, 


Ni, 470K 


under 

pressure 


.CH,—CH. 

H a c<; 

X CH,—CH t 
Cyclohexanol 


yCHOH 


4 Na, 


(tv) By treating allcylene halides with diaodiornalonic ester followed 
by hydrolysis and healing. 

COOEt —2NaBr CH,—CH. N 

cIh,—CH/ 

Disodiomalonic ester Cyclopentanc 

dicarboxylic ester 

H.O CH,—CH 1V /COOH Heat CH.-CH,. 

^>CHCOOH 


CH,—CH, 

I 

CH.—CH, 


Br 

Br 


C / 

^COOEi 


>< 


COOEt 

COOEt 


1. 4-Dibromo- 
butane 


CHt—CH. V .COOH 
i Nc / 

ch,—ch/' Ntooh 

Cyclopenlane 
dicarboxylic acid 


—CO. 


CH,—CH/ 

Cyclopenlane- 
monocarboxylic acid 


General Properties : Physical, (t) First two members are 
colourless, pleasant smelling gases, next three members up to cydo- 
heptanr* aie liquids and higher ones are solids. 

(ti) They arc insoluble in water but soluble in ethanol and 

ether. 


(in) Their density and b.p. show a gradual increase with in* 
crease of molecular weight. 


(it>) Their boiling points are higher than those of isomeric 
alkenes or corresponding alkanes as shown in table on the next page. 
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No. of Carbon 

Cycloalkane, 

Alkcne, 

Alkane, 

■toms in the 
molecule 

0,Hm 

C„H Jn 



Density 
of liquid 

b.p . K 

b.p. K 

b.p. K 

3 

0*677 

2394 

225 

229-5 

4 

0*7038 

258 

268 

273 6 

5 

0-7635 

323 

313 

309 3 

6 

0-7934 

354 

337 

342 

7 

08252 

391 

367-5 

371-4 

8 

08502 

420 

393-5 

399 


Chemical. Cycloalkanes have saturated molecules and give 
substitution reactions like alkanes. Cyclopropane and eye lobutane 
rings being under strain are comparatively less stable and tend to 
break open like a double bond. Thus in cycloalkanes are combined 
the properties of both alkanes and alkenes. For example. 


(1) Substitution reactions. Cyclopentane and higher mem¬ 
bers give substitution products when treated with chlorine or 
bromine in diffused sunlight. For example. 


/CH.CH.x 

H,C<- >CH,-fBr 2 - 

Cyclohexane 


/CH a .CH,s. 

H,C<; ;CllBr + JJBr 

\CH a .CH a / 

Monubronm yciuhexane 


(2) Addition reactions. Cyclopropane and cyclobutane giye 
addition products with halogen arrds, sulphuric acid, etc. 

/CH, Br /CH a Br 

h ,c<( i f i —+ h b c<; 

^CH a Bt \CH a Br 

Cyclopropane 1, 3-Dibromopropane 


CH,—CH, 

diH.—<! h, 
Cyclobutane 


H 


CHjj—CH, 

1 

CH a —CH|1 
1-lodobuiane 


(3) Catalytic reduction. Lower members givr alkanes when 
treated with hydrogen in presence of heated nirkH. 

/CH, Ni. 350K 

H,C( I + H,-► CH S CH. CH, 

\CH, Propane 

Cyclopropane 


CH,—CH, 

dw,—CH, + 
Cyclobuiane 


Ni, 390K 

H,-► CH,.CH..CH S CH, 

Butane 


Similarly, cyclopentane is reduced to pentane when hydrogen 
ated in the presence of nickel at 570K. 

(4) Oxidation. Cycloalkanes are oxidised by alkaline potas- 
lium permanganate to give dicarboxylic acid with chain fission, e.f/., 

/CH,.CH,\. Alkaline CH t .CH, COOH 

H,CC /CH, 4- 5[0]-► I 

\CH,.CH,/ KMnO* CH, CH, COOH 

Cyclohexane Adipic acid 

(5) Relative Stability. Stability oD cycloalkanes increases 
with the size of the ring up to cyclopentane and higher members arc 
quite stable. This has been explained at length under Baeycr'a 
ttrain theory (#ee page ). 2 40 
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INDIVIDUAL MEMBERS 

3. Cyclopropane or Trimethylene, C,H*.— 

Preparation. It is prepared by treating 1 : 3-dibromopropane 
in boiling xylene with metallic sodium. 


/CH| Br I /CHj 

H|C < C H, Bf 4 - - H ’ C ^H, 


4* 2NaBr 


1 : 3-dibromopropane Cyclopropane 

Properties. It is a colourless, pleasant smelling gas. It is 
slightly soluble in water but fredv soluble in alcohol. It is a general 
anaesthetic. Oxygen mixed with 15-30% cyclopropane produres 
insensibility to pain and not unconsciousness but the disadvantage 
is that the mixture is explosive. 

Its various chemical reactions are : 

(i) With chlorine in the presence of diffused sunlight, it gives 
monosubstitution product. 

Diffused 


XH, sunlight H*C 

H.C< | + Cl,--► | >CHC1 + HCI 

X CH, H.C^ 

Cyclopropane Monochioro- 

cyciopropane 

(ii) With bromine or hvdriodic acid, the ring opens and an 
addition compound is obtained. 

yCH, y CH i Br 

H.C' I + Br,-► H,C' 

x Of t NlH.Br 

1 : 3-Dibromopropanc 

yCHj H >CH a 

H a C( | 4- | -* H a C< 

N CH 2 I ^CII.I 

2-Iodopropane 

(tit) On catalytic hydrogenation it gives propane while on 
passing through red hot tubes it forms propylene, 

.CH* Ni, 350K 

H a CT | + H.-► CH a .CH 1 .CH l 

X CH, Propane 

.CH, Red hot 


An, 

“■<U 


/CHj 

H,C' | 


Red hot 




CH 3 —CH-CH, 
Propylene 


(it;) It does not decolorise potassium permanganate in the cold 
i Distinction from isomeric /rrupyh jie). 

4. Cyclobutane or Tetram ethylene, C c H a . —It is usually 
prepared by reduction of cyclobutenc with hydrogen in presence of 
nickel at 375K. 

CHt-CH Ni, 370K CH Z —CH, 

1 !l + H a --► | | 

CH,—CH CH,—CH, 


It is a colourless, pleasant-smelling gas (b.p. 258K). Chemically 
it is much more stable than cyclopropane, e,g. 9 it is unaffected by 
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bromine, HI or KMn0 4 in the cold. Some, of its chemical reactions 
are : 

(i) On catalvtic hydrogenation it gives n-butane. 

CH,—CH, Ni, 450K 

II +H,-► CH, CH..CH..CH, 

CH,—CH, n-butane 

(it) With HI it gives n-buty] iodide. 

CH,—CH, H CH.—CH, 

11 + 1 - * I 

CH 3 —CH, i CH,—CH,I 

Cyclobutane n-butyl iodide 

(m) KM”n0 4 lias no action on ryclobutane. 

5. Cyclopentane or Pent am ethylene, C ft H 10 .— It occurs in 

petrol rum. It can lie prepared by heating 1 : 5 dibiomo pentane 
with zinc or by the Clemmrnsrn reduction of cyclopcntanone. 

,CH,.CH a .Br yCH^CH, 

CH,' 4- Zn-> CH,( I 4 ZnBr, 

X CH t CH,Br X CH,.CH t 


CH,.CH,v 


Zn/Hg CH,.CH| S 


I >cO -f 4[H]--► | >CH, +2H,0 

CH,.CH/ 4* MCI CH.-CH," 

Cyclopentanone Cyclopen lane 

Properties. It is a colourless, pleasant-smelling mobile liquid 
[b.p. 323K). It is remarkably stable and the ring does not open 
readily. Various chemical reactions given by it are : 

(£) Chlorine and bromine give substitution products in pre¬ 
sence of light. 


CH,.CH 2 v hv CH,.CH,v 

] >CH, -r Br, -* | yCHBr 4- HBr 

CH..CH, CH,.CH/ 

Cyclopcntane Monobromocyclopcntane 

(ti) On catalytic hydrogenation it undergoes ring fission and 
gives n-pentane. 

/CH..CH, Ni t 570K 

H,C< 1 +H, -* CH i .CH,.CH B .CH 1 .CH, 

N CH,.(:H, n-pentanc 

(••i) It may be nitrated with cone, HNO a in cold or dilute 
HNOj at 370K. 

6. Cyclohexane or Hexamethylene, C 8 H 12 . —It occurs in 

prtroleum and essential oils. It is manufactured by c-talytic hydro¬ 
genation of benzene. 

Ni, 470K 

C. H 4 4- 3H,--► C|ll u 

Benzene Cyclohexane 

Properties. It is a colourless, pleasant-smelling liquid 
(b.p. 354-K). It is a solvent. Chemically it closely resembles alkanes. 
Important properties of cyclohexane are : 

(i) It gives substitution products with chlorine or bromine. 

XH,.CH,v y CHj.CH.v 

H,C<; >CH.+Br,—>CHBr 4-HBr 

N CH,.CH/ ^CH,.CH/ 

M ono bromocy clohcxanc 


4- HBr 


/CH..CH, 
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a | pciJci 

CH,CO|—O—|CjH 8 + PCI* -> CH 3 COCI + C 8 H 5 C1 +POC1, 

Eihyl acetate Acetyl chloride Ethyl chloride 

(it;) Reduction. Reduction of an ester by means of excess of 
sodium and ethanol gives alcohols. 

C.HiOH/Na 

CH,COOC t H 5 + 4[H]-*CH a CH t OH + C,H*OH 

Ethyl acetate Ethanol Ethanol 

C.H.OH/Na 

RCOOR' + 4[H]-►RCH 2 OH + R'OH (g.) 

Yield of RCH a OH increases as the weight of alkyl radical R' 
increases in the molecule of ester taken. 

Other reducing agents used are : (i) lithium-aluminium hy¬ 
dride and («) hydrogen under pressure (100-300 atmospheres) in 
presence of copper chromate (catalyst) at 570K. 

(v) Alcoholysis (splitting by alcohol ). When an ester is refluxed 
ywith a large excess of alcohol in presence of a little acid or sodium 
alkoxide (catalyst), the alcohol residue present is replaced by another 
lower one). 

CiH.ONa 

CH a COOC 4 H f +C 2 H 6 OH CH 3 COOC 2 H s + C 4 H,OH 

Butyl acetate Ethyl acetate 

(pi) Acidolysis ( splitting by acid). In acidolysis the acid residue 
present is replaced by another acid residue. 

CH a COOC a H # +C 4 HgCOOH ^ C 4 H 9 COOC 2 H s +CH ? COOH 

Ethyl acetate Valeric acid Ethyl valerate Acetic acid 

5. Uses of Esters. —Esters are used : fi) As solvents for 
cellulose, oils, gums, resins, etc., and as plasticisers. 

(ii) In making artificial flavours and essences. 

SOME INDIVIDUAL MEMBERS 

6 . Ethyl Acetate, CH a COOC 2 H 5 .—It can be prepared by 
any one of the general methods for preparation of esters. It is, 
however, prepared in the laboratory by heating ethanol with glacial 
j cetic acid in the presence of concentrated sulphuric acid or dry hydrogen 1 
rJUoride gas. 

h,so 4 

CH,COlUH V H[ OC,H b CHJCOOC.H!+H.O 

The acid acts as a protonating agent and serves to remove 
water as soon as it is formed and thus enables the reversible reaction 
to prpteed to completion. 

Expt. A distillation flask is fitted with a dropping funnel and a 
thermometer. It is connected to the condenser and a receiver as shown In 
Fig. 26*1. in the distillation flask are taken 50 ml of absolute alcohol with 
an equal volume of concentrated sulphuric acid. A mixture of 50 ml of 
absolute alcohol with an equal volume of glacial acetic add is taken in the 
dropping funnel. The flask is heated to 4J3K in an oil bath and the mixture in 
the fiinncl is run in at the same rate at which the liquid distils over. The distillate 
consielB of ethyl acetate contaminated with acetic acid, alcohol, water, a little of 
ether and sulphurous acid. 
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QUESTIONS 

Easy Type : 

1. Give a general account of the chemistry of polymethylencs. Show 
how Baeyer's Strain Theory accoynts for the relative stability or such rings. 

2. Give general methods of preparing cycloparaffins. Discuss how 
Daeyer*s Strain Theory has explained their relative stability. 

3. How are cycloparaffins prepared 7 Discuss their stability in the light 
of Baeyer’s Strain Theory and its later developments. 

(,Jammu & Kashmir B.Sc, 1971 ; Punjab 1970) 

4. Describe general methods of preparation of cycloparaffins. Write a 
ihort note on thqr order of stability. 

5. Give the preparation of decal in and discuss !ts geometrical isomerism. 
Short Answer Type : 

I. Write chemical equations for the reactions, if any, between : 

(1) Action of beat on (i) calcium adipate ; (h) cyclopropane. 

(2) Reduction of (/) cyclopenlanone ; (/V) benzene; (///) phenol; {if) 
cyclopropane ; (►■) cyciobutane ; (w) cyclobulene. 

(3) 1 ; 4-dibroinobutane* L (0 metallic sodium ; (ii) Disodiomalonic 
ester followed hy hydrolysis and heating. 

(4) Cyclohexane+ (i) Br, ; (n) Alkaline KMnO*. 

(5) Cyclopcniane+(0 Br t ; (i’O HI. 

(6) Cyclopropane-*- (/) Cl, ; (u) Br, ; fm) HI ; (/v) H, and Ni* 

(7) Cyciobutane-) HI. 


TOC-11-4 83-27 



Appendix 1 

TYPICAL NUMERICAL PROBLEMS 

1. Problems on Structural Formula. —Problems based ql 
structural formula require a thorough knowledge of organic com¬ 
pounds and their reactions. Some important reactions commonly 
associated with unknown compounds and the information given by 
them are riven in the following table : 

Reactions Inference 


1. Bromine water or 1% alkaline 
potassium permanganate solution 
(Baeyer's reagent) is decolorised. 

2. Compound contains C, H & O. 

(0 It gives pink colour with SchifTs 

reagent. 

{if) It gives a red ppt. with Fehling's 
solution and a silver mirror with 
Tollen’s reagent. 

(Iff) It gives an oxime with hydro- 
xylamine and phcnylhydrn7onc with 
phenylhydrazine but it docs not reduce 
Fehling's solution. 

(tv) It gives an aldehyde on oxida¬ 
tion. 

(r) It gives a ketone on oxidation. 


(vr) An effervescence is produced 
with sodium bicarbonate. 

(WO A dibasic acid gives CO B on 

beating. 


(wi'O A dibasic acid loses water on 
beating. (Gives anhydride on heating.) * 

(to) A hydroxyacid loses water on 

heating. 


3. Compounds coo tain Jog C, H, N 

ftO. 

(0 Ammonia is liberated on heating 
alone or with NaOH or KOH. 

W Gives a primary amine with 
bromine and KOH. 


It is an unsaturated compound—ao 
alkene or alkyne. 


It contains an aldehyde (—CHO) 
group. 

It contains an aldrhyde (—CHO) 
group. 


It contains a ketonic (>C—O) 
group. 


It is a primary alcohol containing 
characteristic group (—CH,OH). 

It is a secondary alcohol containing 
characteristic group (>CHOH). 

It contains a —COOH group. 


Two —COOH groups arc attached 
to the same carbon atom, e.g., 

,COOH 

CH.C (Malonic acid). 

x COOH 


Two —COOH groups are attached to 
adjacent carbon atoms, e.g., succinic add 

It is a p-hydroxyacid, e.g., phydroxy- 
propionic acid, which gives acrylic acid 
on heating. 


It is an amide, ammonium salt of 
an add or urea. 

It contains an amide (—CONH,) 
group. 
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Reactions 


4. Compounds containing C, H A N. 

Various possibilities are P, S and 
T-amines, cyanides or isocyanides. 

(0 It is soluble in an acid, e.g., HO. 


(If) On hydrolysis it gives an acid 
and ammonia. 

(iff) On hydrolysis with acid, it 
gives amine and formic acid. No action 
with alkalis. 

(fr) On reduction, it gives a primary- 
amine. 

(v) On reduction, it gives a second- 
ary amine. 

5. Compound is optically active. 


Inference 


11 may be an amine. 

(Far distinction between three types, 
of amines see page 2*312). 

It is a cyanide. 

It is an isocyanide. 


It is a cyanide. 

It is an isocyanide. 

It contains one or more chiral 
carbon atoms. 


2. Isomeric Compounds. —A molecular formula might 
represent various isomers. Writing of possible isomers represented 
by a certain molecular formula is the first step. Later on we have to 
select one of these isomers which corresponds to the various reactions 
of the compound mentioned m the problem. Some important mole¬ 
cular formulae with possible isomers are given in the table below : 


Molecular 

formula 


Various possible isomers 


(0 C.H.O 

(if) Cg H I0 0 
(ii0 C,H a O 

(/v) C.H.O 

(4) CiH|O v 
<W) C.H.O, 


(rW) C 4 H,O p 


CH.CH.OH ; CH,—O—CH. 

Ethanol Dimethyl ether 

; CH a —O—CtH, ; Four isomeric 

Diethyl ether Methyl propyl ether butyl alcohols 

(n- r>r frr?-) 

CHi.CH.CH^O : CH^OCH. ; CH a »CH.CH.OH 
Propionaldehyde Acetone Allyl alcohol 


CH 

C|H t CHO *^>C=-0 ; An unsaturated 

Butyraldehyde alcohol 

Ethyl methyl ketone 


CtHiCOOH ; HCOOCpH.; CH.COOCH, 
Propionic acid Ethyl formate Methyl acetate 

CHgCHOH.COOH; CH.OH.CH. COOH 
*-hydroxypropk>nic ^.p-hydroxypropionic acid 
acid (Lactic acid) (Hydracrylic acid) 

(HCHO). 

(Metafonnaldehyde) 


Acids : CH,.CH|.CH|.COOH ; (CH.hCH.COOH 

n-Butyric acid fro-Butyric acid__ 

Biters : HCOOC.H, ; CH.COOC.H, ; C,H,COOCH, 
n~ and isopropyl • Ethyl acetate 
formate 

CH.CHOH.CHiCHO 
($-hydroxybutyralaehyde) 


1.UUOU 

Methyl 

propionate 


Aldot: 
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Molecular 

Various possible isomen 

(rdf) C.H.O. 

CH,COOH 

cb.coort 

Succinic acid 

yCOOH 

CH.XHC 

x COOH 
Isosuccinic acid or 
Methylmalonic acid 


(fx) C,H,N 

C,H,NH, ; 
Elhylamme 

(CH.l.NH 

Dimelhylamine 


(*) C.H.N 

C,H,CsN ; 
Eihyl cyanide 

C,H,NC 

E Lhyl isocyanide 



QUESTIONS 


1 Cleavage of a certain ether with an excess of hydriodic acid gives only 
one alkyl iodide which contains 74*7% of iodine. Hydrolysis of the alkyl iodide 
give* a secondary alcohol. Find out the structural formula of the ether. 

(Delhi B.Sc. J980) 

2. Hydrolysis of a certain ester gives an acid (A) and an alcohol (B). 

The acid reduces Fehling’s solution Oxidation of alcohol (B) gives an acid 
Identical with (A\ Reason out what the ester is. ( Delhi B.Sc. 1980) 

3. An organic compound A gave the following results. C*600% ; 
H—13*33%. On oxidation A gave another product B which on further oxidation 
gave a mixture of acetic acid and formic acid. What structural formulae would 
you assign to A and B 7 Vapour density of compound A is 30. 

{Delhi B.Sc. 1980) 

4. 020 g of an organic dibasic acid gave on combustion 0*04 g water and 

0-195 g carbon dioxide. The molecular weight of the acid is 90. Assign struc¬ 
tural formula to the organic compound. (Delhi B.Sc. Hons. Sub. 1980) 

5. An ester A whose molecular weight is 116 on hydrolysis gave an acid 

B and an alcohol C. The sold forms a sliver salt containing 596% silver. 
Oxidation of the alcohol C gave a product D which forms an oxime but doe* 
not reduce Tollen’s reagent. The oxime contains 1917% of nitrogen. Assign 
structures to A, B, C and D. Give methods for synthesis of acid B and alcohol 
C staning from acetylene. {Delhi B.Sc. Hons . 1979 ; Allahabad B.Sc. 1972) 

6. An organic compound A on analysis was found to contain 
C—16‘271%, H-0’677% and 0*72 203%. It reduced Fehling’s solution and 
on oxidation gave a monocarboxylic acid B, having C»» 14*679% H=0*612% and 
01=65*137%. 

On distillation with soda-lime. B gave a sweet smelling liquid C, contain¬ 
ing B9‘12% chlorine. C can also be obtained by heating A with alkali. 

What structural formulae would you assign to A. B and C ? Explain the 
above reactions. ( Vikram B.Sc. 1979 ; Delhi 1978) 

7. 0 1588 g of an organic substance (A) gave 0 3615 g CO, and 01479 g 
H,0. Its V.D. was 29. The compound reduces Fehling’s solution and on oxida¬ 
tion gives an acid (B). the silver salt or which contained 59 6% Ag. Give the 
names and structural formulae of A and B and explain the reactions. 

(Delhi B Sc. 1979) 

8 . An aliphatic organic compound A gave the following results : 
C-6101%, H-15‘25%, N=23*74%. 

On treatment with nitrous acid, A gave another product B which con¬ 
tain ed C—60%, H«13*33% and no nitrogen. B on careful oxidation gave a 
compound C which gave iodoform on treatment with iodine and alkali and 
ha d a molecular weight 58. What structural formulae would you assign to 
A, B and C 7 Explain the reactions with equations. (Delhi B.Sc. 1979) 
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9, An manic compound A (molecular form CAN) on treatment 
uAth NaNO a and tfS HQ formed an alcohol B (molecular formula CAP), The 
afoohol B on treatment with 1,/NtOH formed iodoform and an luMtutted add 
C (molecular formula CAOj. The add C on oamotyali gave formaldehyde 
ana glyoxalic add. 

(i) What is the structure of A 7 

(ti) Write equations for the chemical reactions involved. 

(Delhi BJSe. Hans. 1981 ) 

10. Compound 4, C-H l4 yielded on oaonolysis propanone and 2-buUDone. 

Work out the the structural formula and give its name according to the IUPAC 
syjtem of nomenclature. (Delhi B.Sc , 1981) 

11. Identity A and B in each of the following sequences of operations: 

NaOH Sodalime, A 

(0 CH l CH l CH l COOH-» A-—► B 

a 

I ale KOH HBr 

(li) CH,—CH—CH*-» A-- B 

Peroxide 

Br./NaOH HNO B 

(iv) CH.CONH,-► A-► B 

H b O, Hg B + lO] 

(iv) CH f —C b C—CH b -► A —> B (Delhi B.Sc. 1981 ) 

H.SO* 

12. Two isomeric neutral substances A and B contain 62 01 % carbon 

and 10*35% hydropen. Their vapour density is 29. On mild oxidation, A gives 
rise to a monobasic acid C, containing 48‘64% carbon and 8*11% hydrogen. 
The equivalent weight of C is found to be 74. On a similar treatment B remains 
unchanged, but B readily reacts with iodine and sodium hydroxide producing 
iodoform. What am the structural formulae of A and B ? Write down the 
equations repicsenting the reactions carried out on A and B as mentioned 
above. (Delhi B.Sc. 1981) 

13. An organic'compound A of the formula CAO on treatment with 
cone. H a SO A gives a neutral compound B of the formula C A H t ^O. 

The compound B on treatment with PCL gives a product which on sub¬ 
sequent treatment with KCN yields a compound C of the formula CAN. The 
latter on hydrolysis gives an acid of the formula C a H a Oj and on reduction with 
sodium amalgam gives a base of the formula C s H f N. What are the compounds 

A, B and C 7 Write the reactions involved In the transformation of A to the 

Icid, C|H,Oa and to the base C t H»N. (AUahabad B.Sc . 1970 

14. An organic compound of molecular formula € ABr. yields on hydro¬ 

lysis a compound A which gives a positive reaction with SchuTs reagent and 
forms an oxime. Oxidation of A gives B and treatment of B with soda lime 
yields propane. What are the two possible structures for the original compound T 
Discuss the reactions involved. (Delhi T.D.C. II1972) 

15. An unsaturated hydrocarbon contains six carbon atoms in the molecule 
and has the molecular weight 80. Write the possible structures for the hydro¬ 
carbon and give one reaction of each of the structures. (Delhi B.Sc. Hons , 1972 ) 

16. A hydrocarbon having the molecular formula C.At B* ve on 
oaonolysis one molecule of acetone, two molecules of formaldehyde and one 
molecule of OHC—CH t —CH a ~CO—CHO. Write ell the possible structures 
for the hydrocarbon and give their IUPAC names. (Delhi B.Sc. Hons. 1972) 

17. An alcohol A (vapour density 30) gave, on dehydration a hydrocarbon 

B, containing C, 85 7% and H, 14*3%. B on successive reactions with hydrogen 

Lrwtitfl* ifiH mnict a. I Am. r HikUk S« A WkM A b 
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21 There are four isomeric alcohols of molecular formula C i H 1p O. 
Which of these alcohols is indicated by the following experimental observa¬ 
tions ? Compound D (C*H,,»0), On oxidation by potassium permanganate 
in acid solution, gives compound E (C*H t O,), a carboxylic acid. Treatment 
of compound D with warm phosphoric acid brings about dehydration 
and yields compound F (C 4 H B ) Treatment of compound F with warm aquenus 
sulphuric acid gives G (C 4 H t0 O)» a new alcohol isomeric with compound 
D. Compound G is resistant to oxidation. Propose structures for compounds 
D,E,F, and G consistent with these observations. {Putyab B.Sc. 1977 ) 

29. An organic compound gave the following results : 

C-69‘77% andH«ll 62% 

Its vapour density was found to be 43. It gave a crystalline derivative 
with sodium besulphite but did not reduce Fehling's solution. On oxidation 
it gave a mixture of acetic acid and propionic acid Deduce ils possible struc¬ 
tures and name shem. (Delhi B.Sc. Hons. Sub. 1982) 

30. An organic compound A gave the following results on analysis : 

C=62*07, H—10*35% and the rest is oxygen. 

Its vapour density is 29. It forms an acetyl derivative with acetic anhy¬ 
dride and decolorises bromine water. Name the compound and explain the 
above reactions. Write down all possible isomers of A and distinguish bet¬ 
ween them. {Meerut B.Sc. 1980 ) 

31. An organic compound A molecular Formula C # H,NO gave the 
following reactions : 

(а) With UNO, gave the fatty acid B which is also obtainable by the 
action of dilute HCl on A 

(б) With P,0, gave a compound C with molecular formula C 4 H a N. 

(c) With excess of KOH solution and Br, formed D wh ch when react¬ 
ed with chloroform and alkali, produced a bad smelling substance E. 

Explain the reactions and assign structures to A, B, C, D and E. 

{Meerut B Sc., 1979 ) 

32. A compound (A) has 85 7% C and 14 0% H. The vapour density of 

(A) is 28. (A) reacts with ozone and forms another compound (B) which con¬ 

tains 46*1% C, 7 7% H and 46 2% oxygen. (B) reacts with hydrogen in presence 
of platinum to produce acetaldehyde. Explain the structures of A and B- 

(s4gra B.Sc. 1978) 

33. 0 i58kg of an organic compound on combustion forms 0 3615 g or 
of CO* and 0 '+ >9 g of water. Its V D. is 29 The lompound reduces Fehling’s 
solution and on oxidation forms an acid, the sihei sail of which contains 59 6% 
of silver. Give the structural formula and name oT the compound. 

(Bhopal B.Sc. 1976 ) 

34. A dibasic acid ga\e the following results on analyst’. 1 : 

(i) 0*354 g of the acid gave on combustion 0 5284 g of CO* and 0*162 g 
of water. 

(it) 0*5976 g of its silver salt left on ignition 0 ifcSflg of silver. 

Determine the molecular feimula of the acid and write down the 
structural formulae of its possible isomers. {Kanpur B Sc. 1980) 

35. A monobasic acid A gave the following results : 

C~40%, H-6 67%, 0-53*33%. 

0*985 g silver salt of this acid gave 0*54g ot silver on ignition. 

When the acid A was heated, it was converted into another monobasic 
acid B by loss of water. B contained CV50%, H~5*55%, C«44*45% and its 
V.D.«36. It gave a dihydroxy acid C on treatment with alkaline KMnO A 
solution. 

When treated with HI the arid n URK rvmu*»rf mA tnfn anrtlnmnAhAa.'^ 
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3b, Two organic compounds A tad B contain C—40% and H—6*66%. 
V.D. of A is IS and that of B is 30. A reduces Fehltag’s solution whUe B does 
sot reduce F Ming's solution but liberates carbon dioxide with sodium auv 




C Jlwtffi B.Sc, 1980) 

37. An oiganic compound A has 0=65*45% H=«9* 1% and N« 25*45% 

Its vapour density is 27*5. A on hydrolysis gives NH f and another. 
‘Compound B with mol. wt. =»74 having C=*48*6% and H»»8 g l%. (A) on reduc¬ 
tion gives a mon^acid base C with mol. wt»59. 

Explain these reactions and write the structures of compounds A, B, C. 

(Vikram B.Sc. 1979) 

38. A pure hydrocarbon of the formula CtH lt decolorises bromine 

water and disolves in cone. H,S(V It yields n-hexane on hydrogenation and 
on oxidation with excess KMn0 4 gives a mixture of two acids of the type 
RCOOH. What is its structure 7 (Gum Nanak Dev B.Sc. 1982) 

39. A compound having molecular formula C,H, a O reacted with 

hydrnxylamine but did not reduce Tollen’s reagent. Reduction with hydro¬ 
gen and platir.urn gave an alcohol which was dehydrated to give chiefly a single 
alkene. Ozonisation and decomposition of the ozonide gave two liquid pro¬ 
ducts, one of which reduced Tollen’s reagent but did not give l positive iodo¬ 
form test whereas the other did not reduce Tollen’s reagent but gave a positive 
iodoform test. Give the structurs of the original compound and show the 
reactions that it undergoes. (Delhi B. Se. Hons. 1982) 

40. An organic compound A, C 8 H 6 N on boiling with alkali gives 
ammonia and sodium salt of an acid B. C 3 H 4 O t . A on reduction gives C, 
C*H P N which with nitrous acid gives D, C g H e O. Give the structural formulae 
for compounds A, B, C and D Describe a method of preparation for A- 

(Delhi B.Sc. 1982) 

41. An organic compound A on analysis is found to contain C~ 60% 

and H- 13*33%. Its V.D is 30. On oxidation it gave a compound B contain¬ 
ing C =62 07% and H = K)'35%. Compound B reduces F eh ling’s solution but 
does not give iodoform test. Give the names and structural formulae of A and 
B and explain the reactions. {Delhi B.Sc. 1982) 

42. An alcohol C 4 H u OH on oxidation gives a ketone having five carbon 
atoms. When the alcohol is dehydrated and the resulting alkene is oxidised, 
a mixture of a ketone and a carboxylic acid results. What is the alcohol ? 

(Rajasthan B*Sc. 1978) 

43. A hydrocarbon (A) decolourises bromine and in the presence of 

platinum catalyst adds a molecule of hydrogen to given-hexane. When (A) 
is oxidised vigorously w.th KMnO*, a single carboxylic acid containing three 
carbon atoms is isolated. Give the nams^and structure of (A) and explain.* 
the reactions. ( Maharhhi Dayanand B.Sc. 1979) 

44. Suggest suitable structure for an organi c compound (A)—(CgH^C) 
which gives rise to the following reactions. Suggest appropriate structure for 
(B) based on the reactions given below : 

h.so 4p a 

(a) Compound (A)-► Compound (B) 

Br a in CCJ 4 

<6) Compound (B)-Dibromide of tB) 

O a Zn, HfO 

(c) Compound (B)-—► Its Ozonide- —> 

Propionaldehyde -f Acetone (Madras B.Sc . 1979) 

45. An organic compound gave the following results on combustion 
■analysis : 0 365 g of the compound produced 08 8g of carbon dioxide, and 
4*495 g of water. Further, in a Dumas’ nitrogen estimation experiment 
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IMlfdjgof the substance gave 20 ml of nitrogen measured at 2T*C and 760 mo 
pressure. The vapour density of the compound it found to be 36*5. Determine 
the molecular formula of the compound. (Nagper B.Sc. 1979) 

46. An alkylene dibromide X (C|H u Br a ) on dchydr obroroination with 
excess of N&NH. save rise to a compound Y (C.H,.). Compound Y on 
bydration furnished compound Z which has the following a tructure : 

(CH|),CH— CH,—CO—CH, 

Suggest suitable structural formulae Tor (X and Y) that are consistent 
with the above stated facts. ( Madras BSc. 1979) 

47. A compound (A> contains C—30-5%, H»3‘9% and Cl—45*2%. On 
catalytic reduction with Pd and BaSO, it gives (B), which reacts with hydro- 
xylamine and also reduces Fehling’s solution. B, on treatment with aqueous 
ROH gives (C) with the same empirical formula as that of (B). (C) on catalytic 
hydrogenation gives (D), which on dehydration gives a synthetic rubber inter¬ 
mediate of molecular formula C«H r Identify (A), (B)» (C), and (D) and explain 

the reactions. [Rajasthan B.Sc . 1978) 

48. An organic compound (A) contains C*32%, H—6*66%, and N— 

16*67%. On ieduction it gave a primary amine (B), which gave ethyl alcohol 
with nitrous acid. (B) gave an offensive smell on warming with chloroform 
andKOH and gave another compound (C), which on reduction gave ethylme- 
thylaroine. What structural formulae would you assign to (A), (B), and (C)7 
Explain the reactions also. (Kurukshetra B.Sc., 1979) 

ANSWERS 

1. (CH a ) t CH—O—CHCCH*), ( Di-isopropyl ether) 

2. HCOOCH. [Methyl formate) 

O O 

3. (CH,),CHOH -* (CH.).C-O-► CH.COOH-I-HCOOH 

Isopropyl alcohol (A) Acetone (B) 

4. COOH 


COOH (Oxalic acid) 

5. A is C.H.COOCHfCH,). ( Isopropyl propionate) 
B is C.H.COOH ( Propionic acid) 

C is (CHOjCHOH [Isopropyl alcohol ) 

D is CH.XO.CH. ( Acetone) 


6 . 

7. 

8 . 

9. 

10 . 


O CaO 

CQ..CHO-► C Cl. COOH -» CHQ, 

Chloral (A) Trichloro- —CO. Chloro- 

He&t j alkali acetic acid(B) form (C) 

f 

CHC1, (C) 

A is C.H.CHO ( Propionaldthyde ) 

B is C.H.COOH (Propionic arid) 

HONO O I./NaOH 

(CHO.CHNH.--*(CH 8 ),CHOH—►CH.COCH.-^CHI, 

Isopropylamine Isopropyl- Acetone (C) Iodo- 

(A) alcohol (B) form 

NH, OH 

L NaNO. | 

CH.—CH—CH=»CH|-► CH,—CH—CH-CH. 

J-Butene-3-amine +HC1 3-Buten-2«ol 
I./NaOH Ozono lysis 

-► CHI. + CH.-CH COOH-► HCHO 

2-Propenoic acid + CHO—COOH 


CH,—C: 


^H, CH. 


-CH,—CH, 


2, 3-Dimetbyl-2-pentene 
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11. (0 CH,CH,CH,COONa (A) 

Sod. butyrate 

(/I) CH,—CH* CH, (A) 
Propone 

(KJ) CH,NH, (A) 

Methylamine 

(iV) CH,CH t —C—CH, (A) 

II 

O 

2-Butanone 

12. A is C,H,CHO (Propanal) 

B is CH.COCH, (Propanone) 
O 

C,H,CHO-► C.H^COOH 

(A) (C) 


; CH.CH.CH, (B) 
Propane 

; CH,—CH,—CH, Br (B) 
1-Bromopropane 

; CH,OH (B) 

Methanol 

; CH.COOH (B) 

Acetic acid 


1,/NaOH 

CH a COCH,-►CHI, + CH.COONa 

(B) 


13. 


H,SO* 

C.H.OH-► 

Ethanol 

(A) 


PCI, 

C l H,.O.C 1 H i —► 
Diethyl ether 
(B) 


2HOH 


C,H,C1 
Ethyl chloride 

| KCN 

4 


C,H,COOH -C,H,CN 

Propionic acid —NH, Ethyl cyanide 
(C) 

4H | Na/Hg 

i 

C, HaCHaNHi 

nr-Propyl amine 


HOH 

14 Compounds : (/) CH.CH.CH.CHBr,-► CH.CHiCH.CHO 

1, 1-dibromobutane Butanal (A) 


O 


Soda lime 

CH,CH,CH,COOH-- CH^CH^CH, 

Butanoic acid (B) Propane 


00 


CH tv HOH 

>CH.CHBr,-► 

CH/ 

1* 1-dibromo-2-methyl 
propane 

O 

—► (CH,),CHCOOH 

B 


CH, V 

yCH.CHO 

CH/ 

A 

Soda-Lime 

-CH,.CH,.CH a 


15. Molecular formula C,H,. Write different isomeric structures for the 
various possible ways in which 3 double bonds or one double bond and one triple 
bond can be introduced in the following skeletons : 


(M) C—C—C—C 

t t 


(if) C-C--C—C—C 

(! 

(fv) C-<>~C--C~C 
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CH, 

16. (f) (CH,),C=CH.CH,. CH, .C .CH—CH, 

(7-methyl-3-mcihyleoe-1,6-octadiene) 

VO H,C=CH.CH,.CH,C.CH-C(CH,), 

I 

CH, 

(7-methyl-5-tnelhylene-l, 6-octadiene) 

(HO H,C«CH.CH,.C-C(CH,), 

^H—CH, 

(S-meihyl-4-vinyl-1, 4-hexadiene) 

—H.O HI 

17. CH,.CH,.CH,OH-► CH.CH-CH, —*• CH..CHI.CH, 

1 -Propanol (A) Propylene (B) 2-Iodopropanr 

AgOH PCI, 

-- CH.CHOH.CH, —*• CH..CHC1.CH, 

2-Propanol (C) 2-Chloropropane (D) 

KOH 

IB. CH,.CH,.CH,Br-► CH..CH-CH, 

A (1-Bromopropane) ale. B (Propene) 

HBr 

-► CH,.CHBr.CH, (an isomer of A) 

C (2-Bromoprapane) 

19. X is CH a .CCl,.C,H 5 (2, 2-dichlorobutane) 

Y is GH*.GO.C J H l (2-Butanone) 

20. A is HCHO (formaldehyde) 

B is CH s OH (Methanol) 


Cis HC03H (formic acid) 

HCHO + NaOH * CH.OH + HCOONa 

A B sod. salt of C 

21. A is CtHiCONH, (Propionamide) 

Bis C 1 H 5 NH 1 (Ethylamme) 

€ is C|H fi OH (Ethyl alcohol) 

22. A is CH,OH . CHOH . CH.OH (Glycerol) 

B is HOOC—COOH (Oxalic acid) 

C is CH,*=CH.CHO (Acrolein) 

D is CHjCI.CHCl.CH s Cl (1,2, 3-Trichloropropane) 

23. A is (CH*)! CH—CH., (isobutare or 2-metbylpropane) 

B is (CH a ),CCl (iert. butyl chloride or 2-chloro-2*methyIpropane) 

24. CH*—C=CH tPropyne) 


HCl PCI, 

CH,.C=CH-► CH,.CCl a . CH, -t- CHg.CO.CII, 

25. A is C,H*CHOH.CH a (2-Bt»tanol) 

B is C t H a COCH a (2-Butanone) 


Nh 


CH,. [O] CH a 

>CHOH —► 

C,H/ c,h/ 

(A) (B) 


c«o 


CH a COC 1 H» + 3I a -f 4KOH ► CHI- + C,H a COOK + 3KI + 3^0 

Iodoform 


26. A is C a HiGOOH i Propionic acid) 
B is C,H a CONH, (Propionamide) 
C is CaHftCN (Ethyl cyanide)] 

D is CtHtCH«NH t (Propylamine) 
Eil CiH B CHftOH (1-Pfopanol) 
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27. Original compound is 

CH,—CH C" 

<k & 

(2-Methyl-3-pentanone) 

Rsaettona ; 

(() It gives oxime but does not reduce ToUen's reagent. It suggests a 
carbonyl group which is not an aldehyde group. 

(0) On reduction it gives an alcohol. 2-Methyl-3-pentanol which on 
dehydration gives an alkene, 2-Methyl-2-pcntcnc, This being highly branched 
igmoft stable and hence obtained as major product 
CH, OH CH, 

CH*—<!h—c!h—C.H, CH,—d=CH—C,H, 

alcohol olefin 

(Hi) On ozonolysis olefin gives (CH^C^O ( acetone ) and C,H,CHO (pro- 
pkmaldehyde )—two liquid products. 

C^CHO reduces ToUen’s reagent but does not give iodoform test. 

C.H.CHO+2 AgNH,),+30H- - *■ C.H.COO +2Ag+4NH.+2H a O 

CH,COCH, gives iodoform test but docs not reduce ToUen's reagent. 

CH,COCH,+31,+2NajCO,-*CHl,+CH.COONa + 3NaI+2CO,+H,0 

O 

28. (CH,),CH— CH,OH ► (CH,),CHCOOH 

2-Methyl-1 -propanol (D) 2-Methylpropanoic acid (E) 

H.PO, | 

i Warm aq. 

‘ “ -* (CH,), COH 

H,SO, 2-Methy 1-2-propanol (C) 

and 


(CH,), C-CH, 
2-Methylpropene (F) 


29. 


30. 


CH a CH 1 CH 1 CCH a 

n 

o 

2-Pentanone 

CH,«CH. CH,OH 
Ally! alcohol (A) 

I®- 

CH,Br- CHBr - CH„OH 
Bromine water decolorised 


CH ,CH t CCH ,CH, 

II 
O 

3-Pentanone 

Ac,0 

-* CH,=CH~CH l OOCCH, 

Allyl acetate 


31. 


C,H,CONH, 


HNO, 


C.H.COOH 


Propionamide (A) or dil HC1 Propionic acid (B) 


|P.O, 
QH.CenN 


I 


Br,+KOH 


Ethyl cyanide (C) | 


32 . 


C.H.NH, 
Ethylaminc (D) 

O, 


CHC1, 

+KQH 


C.H, -NC 
Ethyl 

itocyanide (E) 


CH.CH-CHCH,-► CH,CH - O—CH-CH, 

2-Butene (A) ^ 

Oxonide (9) 

| H,/Pt 


2CH, 


,^HC 
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33. CH i .CH l .CH—O (Propanal) 

34. Mol formula C»H B O c 
Possible isomers : 


CH.COOH 

CH.COOH 
Succinic acid 


; CH a —CH 


yCOOH 

X COOH 


Methylmalonic acid 
Heat 


35. C^OH-CH.-COOH - 

3-Hydroxy propionic acid —H b O 

(A) 


HI 

(B) -► CH|I—CHi—COOH 

p-iodopropionic 
arid (D) 


► CH,=CH.COOH 
Acrylic acid (B) 

Aik. | KMnO, 

CH.OH.CHOH.COOH 
2, 3-Dihydroxypropionlc add 
(glyceric acid)—(C) 


36. 


✓° s° 

A is H-C—H and B is CH,- C—OH 


H.O 

37. C.H.C—N -*• C.H.COOH 

Ethyl —NH B Propionic 

cyanide (A) acid (B) 

!» 

C.H.CH.NH* 

Propylamine (C) 

KMnO, 

38. CH i .CH 1 .CH I ,CH=CH.CH 1 -► 

2-Hexene 

CH t CH,CH B COOH+CH.COOH 
(Two acids of the type RCOOH) 

CH av H B /Pt CH #V 

39. yCH—C—CH|CH a -► ^CH—CH - CH,CH a 

CHi' II CH/ I 

O OH 

2-Methyl-3-pentanone 2-Metbyl-3-pentanol 


-H.O CH a 


> 

CH' 


CH.CH.CH, 
2-Me thy 1-2-pcn tene 


Ozonolysis 


CH, V 

}c«o + CH f CH,CHO 

ch/ 

Acetone Propionaldchyde 

Gives iodoform test Reduces To lien’s reagent 
Hot Alkali 

40. C«H ( CbN -► C.H.COOH 

Cthyl cyanide (A) —NH, Propionic acid (B; 

i H 

HONO 

C.H.CH.NH,-> CjH.CH.OH 

Propylamine (C) 1-Propanol (D) 
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41. A is CH.CH,CH,OH (1-Propanol) 
B is CH b CH b CHO (Propanal) 


ch. v 

42. }CH-CHOH-CH a 
C\\/ 

3-Mc>hyI-2-butano] 
(alcohol, C b H Jx OH) 

I 

Ol 

I 

o 

CH a . || 

\CH-C-CH, 

ch/ 

3-Methyl-2-butanone (ketone) 



ch. v 

>c=ch.ch. 

CH,/ 

2 -MctliyJ-2-bulene 


I 


0| 

4 


CH. 

;c«o + CH.COOH 

CHj 

Acetone Acetic acid 


H./Pt 

43. CH B .CH a .CH-CH.CH,.CH a -► CH 3 CH.CH.CH.CH.CH. 

3-Hexene n-Hexane 

1° 

2 CH 3 .CH b .COOH 
Propionic acid ( Two molecules ) 


HjS0 4 

44. CH a CH.CHOH.CH(CH.) a -► CH.C H Z CH-C(CH 3 ) 2 

2-Methyl-3-pentanol (A) A 2-Methy!-2-pentene (B) 


45. C 4 H U N 


—2HBr 


46. (CH a ) B CH.CH,.CHBr-CH 8 br-* (CH 3 )XH.CII a .CsaCH 

], 2-Dibromo-4-methyJpentane ENaNH* 4-MethyM-pentyne 

(X) (Y) 

Pd/BaSO* 

47. CH a COCJ, -> CHjCHO 

AcetyJ chloride (A) Acetaldehyde (Bj 

aqKOH IT. 

- + CH.CHOH-CH.CHO-► CH a CHOHCH.CH.OH 

Aldol (C) 1,3-butanedioJ 

—2H.O 

-> CH.-CH—CH-CH,--► Rubber 

1,3-Butadiene 

.O H HONO 

48. CH.CH.-Nf-> CH a CH B NH B -► C.H.OH 

* O Ethylamine (B) Ethyl alcohol 

Nitroethane (A) I CHCJ a +KOH 

H 

CH.CH.NH.CH 3 «-CHaCH. N^C 

Ethylmethylamine Ehyl isocyanide (C) 

(offensive smell) 



Appendix 2 

TYPICAL CONVERSIONS 

1. Ascent of Series .—Conversion of an organio compo • A into 
its next higher homologue is termed Ascent of Series. The \ bon 
atom is introduced into the chain in the form of a cyanide gre p or 
by Wurtz Synthesis especially in hydrocarbons. The chain of 
reactions involved in the change is summarised below : 

(a) For Compounds other than Hydrocarbons . 

P+I, KCN 

r-► RI-* 

| {Alkyl iodide) j 


I 

-RGN 

(Alkyl cyanide) 


(Lower) ROH HONO 4H 

Alcohol< -RCH 2 NH 9 «- 

(Higher) RCII 2 OH {Amine) 


2H I Heat Ca-Salt | 

I -fCa-formaie HiO j 

RCHO «-RCOOH*-RGONH a 

{Aldehyde) {Acid) {Amide) 

{Ascent of Series by cyaniJe group) 

As indicated above, suppose we start with an alcohol ROH and 
go round the chain once (either via amine or via acid), we get th: 
next higher homologue RGH a OH. Go round the chain again, we 
get still next higher homologue RCH a .GH a OH. In fact we can start 
with any member of thr chain and get the next higher homologue 
by going round the chain once. 

(&) For Hydrocarbons. 

Cl, CH,I + 2Na 

RH -► RGJ-► R.CH. 

Paraffin -HCl Alkyl — NaCl; — Nal Paraffin 

chloride {Higher homologue) 

{Ascent of Series by Wurtz Synthesis) 

For example, ethnic can be converted into its next higher 
member, propane as indicated below : 

Cl, CH,I+2Na 

C.H*-► CgHtCl-► C s H 9 

Ethane —HCl Ethyl —NaCl;—Nal Propane 

chloride 

2. Descent of Series.— Conversion of an organic compound 
into its next lower homologue is called Descent of Series. This is 
effected by making use of either 

(t) Hofmann's Bromamide reaction wherein an amide is treated 
with bromine and caustic potash and the amine obtained contains 
one atom of carbon less than the amide 

Br.+KOH. 

RCONH.-► RNH a 

or (fti) The reaction— heating sodium salt of a fatty acid with soda 
lime —wherein the paraffin obtained contains one carbon atom less 
than the acid. 

R ICOONa + NaO |K-► RH + Na 1 CO l 

Sod. salt of soda lime Paraffin 

fatty acid 


-•399 
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The chain of reaction* involved for getting a lower tmnw^Ug ^ 
is summarised below : 9 

( 0 ) For compound! other than Paraffins, 

O 

►RCH.OH-►RCH( 


HONo'j 

(Higher) RCH.NH, 
Amine 
(Lower) RNH, 

k<5h{ 


{Alcohol) 


(Aldehyde) | 


(ole.) 


Heat 


RCOOH 

(Acid) 

|NH, 


RGONHjH 
(Amide) 


-Rcoor 

(Amm. salt) 


(Descent of Series by Hofmann's Reaction) 

As Indicated above suppose we start with an amine RGHfNHg 
and go round the chain once, we get the next lower homologuej 
RNH,. In fact we can start with any member of the chain *\nd get 
the next lower homologue by going round the chain once. 

(&) For Paraffine 

Cl, KOH (aq.) 

-►RCH-C1-► RCH.OH-, 

(Alkyl halide) (Alcohol) 


Oxidation 


(Higher) RCH, 
Paraffin 
(Lower) RH 


■f Soda 
lime 


RCOOH 
(Acid) 


RCHO «- 


Distil (Acid) (Aldehyde) 

(Descent of Series for Hydrocarbons) 

A paraffin is easily converted into its next lower homologue by 
following the chain of reactions given above. 


3. Typical Example 
Scrim. 


of Accent and Deseat of the 


(1) Conversion of Methyl alcohol (Methanol) into Ethyl 
alcohol (Ethanol) and vice versa. 

K+I. KCN 4H 

CH.OH-► CH-I-► CH.CN —► CH.CHLNH. 

Methyl Methyl Methyl Ethylamme 

alcohol iodide cyanide I 

I HONO 

+ 

NH, O O 

CSHjCOONH, ^— CH,COOH <-CH,CHO«e-CH a CH,OH 

Acetic acid Acetaldehyde Ethyl r 


CH/3QNH, 


Br.+KOH HONO 

-► CH.NH, -■■■■■ -#► 

Methylamiae 


CH t OH 

Methyl aleehe; 
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(2) Conversion of Acetic acid (Ethnoic add) into Pro¬ 
pionic add (Propamoic add) and vice versa. 

Heat Ca-salt 

+Ca-tormaic 2H P+Ij 

CH s COOH-*> CH a CHO —► CHjCH.OH-► C,H,r 

Acetic acid Acetaldehyde 


Ethyl alcohol Ethyl iodide 


KCN 


at NH, h,u 

— C,H»COONH4 «— C 2 H 3 COOH «— C»H,CN 

Amm. propionate Propiponic acid Ethyl 

cyanide 
O 

CH a CHO-► CHjCOOH 


H.O 


-p C 3 H 5 OH 


o 


Heat 

C,H s CONH, 

Propionamide 
| Br 2 -l-KOH 
i HONO 

C H NH __ 

Ethytamme Ethyl alcohol Acetaldehyde Acetic add 

(3) Conversion of Ethylamine into Propylamine and 

versa. 


vice 


HONO 

C 2 H 5 NH*- 

Ethylamine 


C,H t OH 

Ethyl alcohol 


P-} 


, KCN 

*► CjHjl- w 

Ethyl iodide 


C^HfcCOOH 

Propionic acid 


INH, 

C a H s COONH 4 

Amm. propionate 


C,H 6 CIIO 

Propion- 

aldchyde 


HONO 

C,H*CH*OH «- 

Propyl alcohol 


CjHjCN 
Eihyl cyanide 
I4H 
4 

C,H § CH 2 NH a 

Piopybminr 


Heat Bi'a-t-KOH 

-» C 2 H 3 CONH a -* C*H fi NH a 

Propionamide Ethylamine 

(4) Conversion of Acetaldehdye (Ethanal) into Proplon. 
aldehyde (Propanal) and t?tre versa. 

2H P+1. KCN 

CH3CHO-♦ CH 3 CHjOH —CHjCHjI + GH a CH s C\\ 

Ethyl alcohol Ethyl iodide 


Acetaldehyde 

Heat H.O 

CH 3 CJL.CHO --CHaCH^OOH — 

Prop ion. Idebyde Ca-siU-r Propionic acid 
I O Ci-formate 

i NH a Heal 

CH 3 CH,COONH 4 -h 

Amm. propionate 


CH 3 Clf COOH — 
Propionic acid 


Ethyl cyamde 
H, 0 | 

4 

CH,CH,CONH a 

propionamide 

CH,CH a CONH, 

propionamide 


jBi.+ KOH 

CH,CH t NH, 

Ethylamine 


O HONO 

ClI a CHO «-C:iI,,CH 2 OH -- 

Acetaldehyde Eihyl alcohol 

(5) Conversion of Methane into Ethane and vice vrrea 
Cl, + 2Na Cl, 

CH.-*■ CHjCI-- C S H,-*• C,H 3 C1 

Mc<hur.c Meu.yi Heat Ethane Uhyl chlori Je 

chloride „ 

Soda lime 0 O + KOH ,aq 

CH.-*-CJlIjCOOIl»—CHjCHO -— CJI»OH 

Methane distil Aceiic acid Acetaldehyde Ethyl alcoho. 

4. Conversion of nnsaturated into less unsatnrated or 

saturated hydrocarbons and vice versa (see page 2 72). 

TOC—11-2-33 43 
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5. Ascent and Descant of series in Olefins and Acetyle¬ 
nes (see page 2*73). 

6. Miscellaneous Conversions.— No chain reactions can be 
given for such conversions. Each particular conversion has a definite 
procedure based on the chemical reactions of various substances in¬ 
volved. A few examples are given below : 

(1) Preparation of acetic acid from Acetylene. 

42% H,SO*+ O 

CHmCH -► CH 3 CHO-► CH 8 COOH 

Acetylene HgSOj Acetaldehyde Acetic acid 

(2) Preparation of Methylamine from Acetic acid. 

NH* Heat Br.+KOH 

CHaCOOH-► GH 3 COONH 4 -► CH 3 CONH 3 -► CH*NH t 

Acetic acid Amm. acetate Acetamide Methylamine 

(3) Preparation of Lactic acid from Acetaldehyde. 

hcn OH H.o oh 

CHjCH =0 —► ch 3 ch<; —► ch 3 ch< 

Acetaldehyde X CN XIOOH 

Cyanohydrin Lactic acid 

(4) Conversion of a primary alcohol into secondary 
alcohol and vice versa . 

Cone. H,SO t 

430K HI 

KCH..GH.OH -» RGH-CH,-* RCHI—CH t 

Pri mar y alcohol —H,0 Olefin Addition Iodide 

f — 1 


KOH aq. 


RCTLCHJBr 
Alkyl bromide 


, KOH aq. 
HBr+ H,SO l + 

- RGH=CH i *- RCHOH.CH. 

Peroxide Olefin " 


GH 3 .CH ? .GH 1 .CH i OH 
/i-butyl alcohol 


—H,0 Secondary 

alcohol 

(5) Conversion of Acetylene into Groton aldehyde and 
s-bntyl alcohol. 

42%H,SO t Oil 

CHmCH -* CH.CHO -► CH 5 CriOH.CH.CHO 

Acetylene +HgSO*; 330K Acetaldehyde alkali A Ido I 

Heat with ZnQ« H 

-* CH 3 GH=CH.CHO -> 

-HiO Gnotonaldchyde /i-butyl; 

(6) Conversion of Acetylene into Trichloroethylene. 

Cl, Passed over 

CHmCH-► CHCl a —CHC1*-► CHCi=CCL + 

Acetylene Fe+ Acetylene Heated BaCl a Trichloroethylene 
Kieselguhr tetrachloride (Westrowl) 

(Westron) 

(7) Conversion of AJlyl iodide into Mustard oil. 

Heat 

CH t =»CH—CH g l I+K j CNS-* CIV-CH.CH^CNS 

Aliyi iodide — Kl Allyl thiocyanate 

Heat 

•— - - 4 CHt*=CH—CH|—N 

Ijomerises Allyl iiothtomeaaate 

(AfwfsrrfriA 


HCl 
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QUESTIONS 

1. Hew will you convert: 

( a) Acetaldehyde into propkmaldehyde and vice versa 'i 

( b ) Methyl amine into ethylamine and vice versa 7 

(c) Propylene into glycerol 7 (Delhi B.Sc. Hons, 1980) 

2. Giving equations and necessary conditions (if any), attempt any four 
of the following conversions : 

(0 Methylmagnesium iodide into acetic acid. 

(if) Diethyl malonate into succinic acid. 

(Jif) Diethyl malonate into barbituric acid. 

(i>) Methylmagnesium iodide into tert. butyl alcohol. 

(v) Ethyl acetoacetate into acetone. (Delhi B. Sc. Hons. 1980) 

3. How will you convert— 

fi) Ethyl alcohol to chloroform. 

(n) Acetone to tert . butyl alcohol. 

( Hi) Acetaldehyde to «-hydroxyacctic acid. 

(fv) 1-Propanol to 2-Propanol. (Delhi B.Sc. 1979) 

4. How will you carry out any four of the following conversions 7 
(a) 2-Chlorobutane to 3,4-dimethylhexanc. 

tb) Propanamide to ethyl alcohol. 

(r) Acetylene to acetaldehyde. 

(d) n-propyl alcohol to isopropyl alcohol. 

(e) Propylene to glycerol. 

(/) Acetylene to propyne. ( Delhi B.Sc. 1980) 

5. Formulate the equations to show how the following conversions 
could be accomplished. Give the conditions necessary. 

(a) Phenol to salicylaldehyde. 

( h ) Ethyl chloride to n-butane. 

(r) 1 : 1-dibromoelhanc to acetylene. 
id) Ethyl alcohol to iodoform. 

(r) Acetaldehyde to lactic acid. 

i f) n-Butanc to thiophen. (Osmania B.Sc. 1979) 

b. Detail the steps for effecting any four of the following conversions : 
(i) Acetylene into acetone (ft) Acetyl chloride into acetaldehyde 
(i'll) Fthyl alcohol into methane (iv) n-propyl alcohol into r-bulyl alcohol 
(v) Methylamine into ethylamine {Delhi B.Sc . 1981) 

7, How will you prepare— 

(a) Methylamine from acetic acid ? 

( b ) Ethylamine from acetic acid ? 

(r) n-Butylamine from n-propyl bromide ? 

{d) n-Rutylamine From n-pentyl bromide ? (Agra B.Sc. 1978) 

8. H ow will you synthesize : 

(a) Iodoform from ethyl alcohol ? 

(b) 2-Butanol from acetylene ? (Andhra B Sc. 1979) 

9. How will you synthesize from acetylene— 

( a ) Ethanol, ( b ) Crotonic acid, (c) Vinyl chloride, 

{d) 2-Butyne ? (Ma Haris hi Dayanand B.Sc. 1979) 

10, How will you prepare— 

(a) Ethylamine from methyl alcohol. 

(b) 2-Methyl-2-butanol from acetone. 

(r) Lactic acid from acetaldehyde. 

<</) p-Hydroxyprop ion ic acid from Ethylene. 

' (MahartshlDavanMdB.Sc. 1970\ 
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11. How will you synthesis the following from acetylene by using any 
needed organic or inorganic reagents : 

(n) Butyne, (6) Acetaldehyde, (c) Vinyl chloride, 

(d) Vinyl acetate. ( Guru Sanak Dev B.Sc . 1979) 

12. How will you convert 

(а) Methane into acetic acid and v/ce versa. 

(б) Ethyl alcohol into diethyl ether and vice versa. 

i Punjabi B.Sc. 1979) 

11. How will you convert n-propyl alcohol into isopropyl alcohol 7 

( Himachal B.Sc . 1979 ) 

14. How will you synthesize : 

(o) Propionic acid from acetic acid ? 

(6) 1,2,3-trihydroxypropane from propene ? 

(Sri Venkuieswara B.Sc. 1979) 

15. How will you effect the following conversions : 

(/) Acetic acid into acetamide (ii) Acetic acid into acetyl chloride, 
(i//) Glycerol to formic acid (iv) Oxalic acid to formic acii 
(r) Ethane into ethylene glycol (vi) Ethanol to ethcnc 

(vji) Urea to malonylurea (viii) Ethyoc to copprr ethymde. 

(Delhi B.Sc. lions . Sub. I9S2) 

.6. Plow will you bring about the following conversions : 

(a) P-Hydroxy propionic acid from ethylene. 

(b) Lactic acid from acetaldehyde. 

(c) a-Amiooproptonic acid from acetaldehyde. 

(rf) Nitromethaoe from acetic acid. 

(<?) Methyl cyanide from acetaldehyde. 

( /) Etbylamine from propionamide ? (Meerut B.S~. /S*M> 

17. How will you obtain the following : 

(a) Formic acid from glycerol, 

(A) Acetaldehyde from acetylene, 

(c) Tertiary alcohols using Grignard‘s reagent, 

(d) lsocyanide from primary amines ! (Delhi B.Sc. Hon,\j I9H2) 
19. How ^an the following conversions be dune - 

</) CHaCHO to CH a CH(OH)COOH 
(li) CHasCHtoCH,-CH-CtCI)-CH 1 
(Hi) CH*-CH«CH—CH a to CH,CHO 
(iv) CHaCH.OH.OH to CHjCH(OHjCHa ° 


(Delhi B.Sc. 19X2) 
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MISCELLANEOUS QUESTIONS 

(A) WHAT HAPPENS 

1. Predict the compound formed in each of the following reactions ; 

(0 CH.CH.CH-CH.+HBr-► 

Hydrolysed 

00 CH.CHO+CH.MgBr-*A- 

in cold 

am c b h,oc 9 h- ( 4Hi-► 

KHSO 

(fv) CH.OH-CHOH-CH.OH- --*■ 

(Delhi B.Sc. irons. Snh. 1982) 

2. Complete the fallowing reaction equations : 

H.SCVHgSO, 

(c) R-C®CH- 

Li4IH, 

(b) CHsCOOH-- 

O 

II 

(c) CK 4 CH, —C—NF a + Br 2 + KOH-► 

(J) CH.CO CHXOOEt f H 2 N.CO.NH 3 - - 

fc) HCHO+NHi-► (Delhi B Sc. Hons . Sub. 1082) 

2. What happens when : 

(0 Urea is treated with HNO., 

(i7) C*H,MgBr ii treated with acetamide. 

(Hi) P-H>droxypropionic acid is treated with HI. 

(rv) Ethy'amlne is heated with CSj in presence of HgCl H 7 

(Agra B.Sc. 1980) 

4. What happens when : 

(/) Nitric acid reacts with glycerol 
00 Ethamol is distilled with bleaching powder. 

(Hi) Citric acid is heated with fuming sulphuric acid. 

(/v) Acetylene is passed through red hot tube. 

(v) Glycerol is heated with oxalic acid at 260"C. 

(vi) Acetylene is passed into acetic acid. (Kanpur B-Sc. 1980) 

5* What happens when : 

(а) Glycine is heated. 

(б) Acetamide reacts with Br t and XOH. 

(r) Citric acid reacts with fuming sulphuric acid. 

00 Urea is treated with rnalonic ester. (Jiwaji B.Sc. 1980) 

6. What happens when— 

(a) tert. Butyl alcohol vapours are passed over heated copper 
at 300*C. 

(b) Isopropyl alcohol is oxidised with K s Cr f O? and H a S0 4 . 

00 2-Butanol is treated with conc.H a SO«. 

(d) Cyclopropane is treated with HI. 

(*) 2-Butene is treated with diazomethanc in presence uf light. 

(Guru Nanak Dcv % ilSe. 1982) 
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7. 


8 . 


9. 


It, 


What happens when- 

(0 2,2rdimethylpropanal reacts with NaOH ? 

(u) Glycerol reacts with HI ? 

(#10 Acetone is reduced with magnesium amalgam ? 
liv) Acetamide reacts with bromine and caustic potash ? 

(Delhi B.Sc. Ham. 1990) 

What happens when— 

(0 acetamide is treated with bromine and alcoholic potash, 

(tf) methylmalonic add is heated, 

(Hi) urea is healed, 

(rV) ethylmagnesium iodide is treated with CO a and the product 
hydrolysed with acid, 

(v) methyl cyanide is boiled with NaOH, 

(vi) citric add is heated with fuming sulphuric arid, 

(WO ethyl acetoacetate is treated with urea ? 


Complete the following reactions : 

a.. 770 K 

(a) CH t CH=CH a -► 

AUS0 4 )„ Heat 

(ft) CHgCH■= CHCH*-v 

O./ether HJVX 

(c) CH a CH a CH *= CH a -► A ► B 


(Delhi B.Sc. 1979 ) 


H+ 


(d) (CH a ) a C-CH a +H a O—► 

(Aligarh B.Sc . 1979 Sapp.) 

Write the products for the following reasons (give formula only) : 

(0 Acctaidehyde+Methylmagnesium iodide followed by hydrolysis. 
(if) Benzoyl chloride+hydrogen in presence of palladium. 

WO Fonnaldehyde-i- aq. NaOH. (Osmania B.Sc. 1979) 


II. Complete the following reactions : 

LiAlH, 

(a) CH a COOH-* 

PCU 

(ft) CH.CH 1 CH,COOH —► 

C a H A OH Heat 

(c) CH*CH a NH a t*CHCl a fKOH- 

Heat 

(d) (HCOO) a Ca-> 

(e) NHr-CO-NH.+HNO,—► 

PiO ja 

(/) CH.CONH* —► 

H+ 

( g ) CH a COOH+C 1 H l OH * 

H+ 

(h) CH.Css N+H a O-> (Delhi B.Sc. 1990) 

II. Describe any four giving equations, what happens when— 

(i) Glycerol reacts with oxalic acid, 

(if) Glycerol reacts with hydrogen iodide. 

Uii ) Diethyl ether reacts with hydrogen iodide. 

(/V) Chloroform is treated with phenol in the presence of alcoholic 
potash. 

(v) Chloroform is treated with a primary amine in the presence cf 
alcoholic potash. 

(fi) Sodium salt of phenol reacts with CO, and the product is 
acidified. (Delhi BJSe* Horn. Sub. 1990) 
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13. Write equations for the following reaction). Give the mechanism 
in each case. 

(o) Isoprcne is treated with 30% HBr in acetic add. 

(3) Isopropyl bromide is treated separately with aqueous NaOH and 
alcoholic NaOH. 

(c) Equimolecular quantities of a mixture of isobutane and chlorine are 
exposed to sunlight. 

(i&) n-Butane is heated with Turning HNO, in vapour phase. 

{{Duiki BJc. Ho*. mn 

14. Give the mechanism of the reactions in the following cases : 

(J) Propylene is treated with HBr in absence of peroxides. 

{if) Ethyl bromide is treated with cqueous KOH. {Delhi 8. Sc. mi) 

15. Complete the following reactions : 

LiAlHj 

(0 CHaCOCl-► 

cu, m 

(H) CH,.CH(OH).C« n --► 

anfiy Z^CI, 

(iif) CH.OH—CH.OH-* 

PCl s 

(h) CH^COCH,-► 

AgNO. 

(v) CH*CH*Br-► 

Cl., 50PC 

(vi) CH.CH-CH,-► 

Pb^OAc), 

C« iT ) CH a CH(OH).CH t OH-► {Delhi B.Scr. T9S7) 

(B) STRUCTURAL FORMULA 

]. Give the structural formulae oTany six of the following : 

(/) Freon (i#> Carbinol (i7i) Mustard gas 
(iv) Allylene iv) Dimethyl glyoxime (vi) Croton ic acid 

(si/) Vinyl bromide. {Kanpur B.Sc . V9S0) 

2. Give the structure of : 

(a) Mustard gas (6) Lewisite (c) Frccn-12 

(d) Chloretonc (e) Wcstrosol {Kanpur B.Sc. 1979) 

3. Give the structural formulae of : 

(а) (/) 2-Hydroxylbulane, {ft) 1 -Bromo-2-chlorobutane, 

{Hi) ff-Propybnagnesium iodide. 

(б) (0 Ethyl acetoacetatl, (W) Acetone dicarboxylic acid, (//V) Fumgric 

acid; (/v) Isobutyric acid. % {Delhi BSc. 1970) 

(O NAME REACTIONS 

1. Write short notes on : 

(/) Wurtz Reaction. ( Delhi B.Sc . 

{ii) Cannizzaro's Reaction. {Delhi B.Sc . 1979) 

{HD Hofmann Bromamide Reaction or Hofmann Degradation. 

{Deihi B.Sc. 1972) 

(fv) Clemmensen reduction. 

(r) Gabriel’s Phthalimide Synthesis. 

(vi) Hofmann Mustard Oil Reaction* 
tv//) Mcerwein-Ponndorf-Verley Reduction. 
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(rtif) Knoevanagel Reaction. 

(la) Oppenaucr Oxidation. 

(x) Wolff-Kishner Reduction. 

(jrf) Hell Volhard-Zelinsky Reaction. 

(xti) Claiscn condensation. 
ixHi) Stephen’s Reaction. 

Mend Ins Reaction. 

(?r) AmdUEistert Synthesis. 

What important things in Chemistry are associated with the names of 
(0 Ffechu-Tropscb, (if) Frank land, (tif) Clciuiirnseo, (iv) MarkownikofT, (r) 
Victor Meyer„ (vf) Baeyer, and (v/Q Kolbe. 

(D) OTHER REACTIONS 

1. Write short notes on : 

(0 Aldol condensation. (Saugor B.Sc. 1979 ; Lucknow 1978) 

(if) Biuret Test. 

(iff) Hmloform Reaction or Iodoform Reaction. 

(E) IMPORTANT REAGENTS 

1. What are the reagents named after Baeyer, Schiff and Tottens mid 
what is their importance in Organic Chemistry 7 

2. (m) For what purpose are the following substances used in Organic 

Chemistry : (I) Zinc-copper couple ; (if) Sodium amalgam ; 

(iff) Anhydrous aluminium chloride ; and Hydroxyl amine 7 

ib) Write a short note on the use of sodium in organic synthesis. 

3. Illustrate by examples the application of any three of the following 

(a) Phosgene, (b) phenylhydiazine, and (c) acetic anhydride. 

4. Discuss the use of the following -agents ii inorganic chemistry giving 
tillable examples : 

<i) Fehling’s solution ; (it) Iodine solution ; and 

(Hi) Phosphorus pent.ichloride. 

(P) HOW WILL YOU DISTINGUISH BETWEEN 

1. (a) 1-Butyne and 2-Bulyne. 

(&) Acetone and Acetaldehyde. 

(c) Acetic acid and Formic acid. 

(d) 1-Propanol and 2-Propanol. 

( t ) Isopropyl alcohol and Propyl alcohol. 

( /) Ethyl alcohol and Diethyl ether. 

(Calcutta B.Sc. 1977 ; Andhra (978 ; Udaipur 1978 ; A>ra/a 1977 ; Shivaji 1977 ) 

2. fa) Ethyl alcohol and Dimethyl ether. 

(b) Nitrue thane and ethyl nitrite. (Madurai B.Sc. 1977 ) 

(c) Propane and Propcne. (Agra B.Sc. 1977) 

X (a) Methanol and Ethanol . 

(6) Ethanol and Acetylene. 

(Punjab B.Sc. 1977 ; Udaipui 1978 ; Burdwan 1978) 

4. (a) Elhylaminc and Diethylamine. 

(b) Nitroethanc ai.u Ethyl nitrile. 

(c) a-Butyl alcohol and Diethyl ether. (Rajasthan B.Sc, 1977) 

5. (a) Vinyl bromide and allyl bromide 
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(b) 1,3-Butadiene and n-Butane. 

(e) tert. Lutyl alcohol and n-Bgtyl alcohol. {Meerut B.Sc. 1979) 

6. (o) Ethylene and acetylene. 

(by n Butvl alcohol and Diethyl ether. (Osmania B.Sc. 1978) 

7. (!) Alkylnnriies and nhroalkanes. 

(ii) Vegetable oil and mineral oi !) 

(mV) Tartaric acid and citric acid 

(tV) Dimethyls* nine and ethylamine. [A^ra B.Sc. 1980) 

B. How will you distinguish between : 

(a) Acetone, ethanol and dimethyl ether ? 

(b ) Ethyl methyl ketone and diethyl ketone 7 

(c) Diethyl ether and ethyl acetate ? 

id) Ally l chloride and vinyl chloride 7 {Delhi B.Sc . 1981) 

(G) HOW WILL YOU PREPARE 

1. How will you prepare any four of the following : 

<a) Ethy< methyl keione ; (b ) Malic acid ; (c) Ethylm&gnesium bromide ; 

(d) Freon ; (e) Trichloromethane j (/) Westrosol. 

2. How will you prepare any Tour of the following : 

(a) Ethyl mercaptan ; (ft) Acetal ; (c) Acetic anhydride ; (d) Cyanoacctic 
acid ; (r) 0-Chloroethyl alcohol; (/) Monochloroaceticacid. 

3. How will you prepare any five or the following : 

fa) Vinegar ; (b) Oxalic acid ; (c) Biuret; {d) Allyl alcohol; (el Mustard 
ga* ; ( f) Ethy' cyamacetate ; (g) Hydracrylic acid ; (A) Methylene iodide-, (0 
Acrolein. 

4. Starting from malonic ester, bow will you prepare : 

(i) Barbituric acid, ( ii) Succinic acid, (/(/) Dimethylacetic acid, 
f/p) Methslethyl ke r one ? {Delhi BSc. 1971) 

5. Describe, giving equations, the preparation of the following i 

Formic acid, siuplioii.il, Dieihylanvne, Tetraethyl-lead. {Delhi BSc. 1972) 

6. Describe, giving equations, the preparation of the following : 

Lewisite. Isoprcne, Succinic acid from ethyl alcohol and Diethyl malonate 
from acetic acid. {Delhi B.Sc . 1971) 

7. How would you prepare the following : 

(0 Propyne from ethyne ; 

(ii) p, 9' Di-chloro-diethyl sulphide from ethylene 
(I/O Acrylic acid from allyl alcohol ? 

(U) HOW WILL YOU SHOW 

1. How will you show that 

(a) Citric acid is a 0-hydroxy acid. 

\b) In propane there are two carbon atoms on one side and one carbon 
atom on the other side of tbe double bond. 

(c) Alkyl cyanides are not true eaters. 

id) A double bond is essential For geometrical isomerism. 

ie) Tautomcrijm differs from resonance effect. 

2. How will you show that 

(u) Homologucs can never be isomers. 

In ethylene bromide, the two bromine atoms are attached to different 
carbon atoms. 
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(c) In chloral the chlorine atoms are linked to only one carbon atom. 

3. How win you show that: 

(a) In glycol the —OH groups are linked to different carbon atoms. 

(fr) Glycerol has tnree hydroxyl groups, 

(c) In acetaldehyde the two carbon atoms are directly linked. 

4. How will you show that : 

(a) In nitromethane the nitrogen and carbon atoms are directly linked. 

(b) In urea the carbon atom is directly linked to both the nitrogen 

atoms. 

(c) In methyl cyanide the nitrogen atom is directly linked to only one 
carbon atom. 

5. How will you show that: 

(a) Lactic acid is an s-hydroxy acid and a derivative of propionic acid. 

(6) Acetoacetic ester is a p-keto as well as unsaturaled hydroxy com¬ 
pound. 

(e) Optical activity of a molecule is linked with the presence of chiral 

carbon atom. 

(f» EXPLAIN WHY 

1. (i) Addition of hydrobromic acid to propene in the presence of a 
peroxide is aoaiast Markownikoff’s rule. 

(0) Hydrogen atoms of malonic ester are reactive. {Delhi B.Sc . 1971) 

2. (a) Conjugated diene9 are more stable than isolated dienes. 

(b) Four C—H bonds in methane are equivalent. 

(c) Acetylene is acidic in nature. 

(d) Metbylamine is more basic than ammonia. 

(Visva BhartiB.Sc. 1978 ; Andhra 1978 ; Kurukshtra 1979 ; Agra 1979 ) 

3. (o) Ethyl alcohol is soluble in water but dimethyl ether is not, 
though they have the same molecular formula. 

( b ) Ethylaxnine is basic while acetamide is not. (Udaipur B.Sc. 1978) 

4. (a) Alcohols are high boiling liquids as compared to alkanes. 

(fr) Chloroacetic acid is stronger acid than acetic acid. 

(r) Metbylamine is more basic than ammonia. 

(Bombay B.Sc. 1978 Andhra 1979 ; Delhi 1979) 

5. (a) Vinyl bromide is less reactive than ethyl bromide. 

(6) Formic acid is stionger than acetic acid. (Punjabi B.Sc . 1979) 

6. (1) Water has higher boiling point than ethyl alcohol. 

(ft) (CHa)^ N is soluble in water but (CHa)«CH is not. 

(tff) A carboxylic acid does not form an oxime with NH t OH 
fir) Ethane is insoluble in water while ethyl alcohol is soluble in it. 

(?) Acetic acid is stronger than propionic {acid but weaker than mono- 
chloroacetic acid. {Agra B.Sc. 1979 , 77) 

7. (i) Acrylic acid is a stronger acid jthan acetic acid. 

(tf) Meso compounds are optically inactive. 

(U() Gly4ine behaves both as an acid and a base. 

(fr) Maleic acid fronts * inydride while fumaric acid does not. 

(r) Urethan is prepaid by the reaction of isocyanate and absolute 

alcohol (Delhi B.Sc. 1978) 
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ft. “AH amines are stronger bases than ammonia”, Discuss tine state* 
ment and compare the basic strength of the following giwirtg reasons : 

fa) Ammonia, (b) Methylamine, (c) Dimethylamine, 

Id) Trimethylanunc. ( Gorakhpur B.Sc. 1977 ) 

9. (a) During esterification, it is the O—H bond in alcohols that 

breaks. 

( b ) Arrange the following acids according to their increasing acid 
strength, giving reasons : 

ii) HCOOH, (//) CH 3 COOH, (iii) ClCH x COOH, 

Civ 

(is) >CHCOOH 
CK 

(c) Why are primary amines more basic than ammonia ? 

(Delhi B.Sc . ffcmj. 79*2) 

<J) SHORT NOTES 

1. Write short notes on : 


( 0 ) (0 Polymerisation 
(itf) Cracking. 

(h) (0 MarkownikofTs rule 
(iii) Absolute alcohol 
(r) ( 1 ) Synthetic detergents 


(ii) Petrochemicals 

(M.S. Barodo B.Sc 1978) 
(ii ) Geometric isomers 

(Osmania B.Sc. 1978) 

(n) Cleansing action of soap. 

(Bombay B,Sc. 1978) 

(Jammu B.Sc. 1978) 

(ii) Fermentation. 

(Guru Nanak Dev B.Sc. 1979) 

(f) Strainless rings (Maharishi Dayanand B.Sc. 1979) 

2 . Write short notes on any four of the following : 


(d) Baeyrr’s strain theory 

(e) (0 Synthetic petrol. 


10 Condensation. 

(10 Enantiomorphg. 

(iii) Saponification. 

|iv) Esterification. 

(v) Hydrolysis. 

(ri) Hydrogenation. 

(vii) Hydrogenation of Oils or Hardening of Oils. 

(wii) Unsaturation. 

(x) Ozonolysis. 

3. Write short notes on the following I 

(j) Geometrical isomerism. Hi) Cracking and its applications. 

'iii) Reactive methylene group. (Delhi B.Sc. 1972) 

(K) REACTION MECHANISMS 

1. Explain with examples the difference in mechanism of reaction of 

C=C and C-O. (4fra B.Sc. 1978) 

2. Explain the electronic mechanism of the following reactions : 

(a) Aldol condensation, ( 6 ) Hydrolysis pf primary alkyl halide with an 

alkali. (Kanpur B.Sc. 1978) 

3 . Discuss the mechanisms of the following reactions: 

( 0 ) 1 .'^-addition of Br a to 1 ; 3-butadiene. 

(b) Alkylation of atkene. 
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(c) AUyiic substitution of propenc. 

(d) Dehydration of alcphol to form ether. 

(fr) Hydration of propcne. (Guru Nanak Dev B.Sc. 1982 > 

4. (a) Why is isopropyl bromide obtained on reaction or HBr with 
propylene 7 

(8) What happens to the above reaction on addition of peroxides 7 

(c) Explain the mechanism of pinacol-pinacolone rearrangement. 

(d) Explain the mechanism of Hofmann brom&mide reaction. 

(Delhi B.Sc. Hons. 1982 ) 

5. Give mechanisms for the following : 

(i) Halogenation alkanes. 

(v7) Electrophilic addition to olefinic bond. 
f ifi) Dehydration of alcohols. 

(iv) Hydrolysis of esters in acidic medium. (DelhiB.Sc. 1982) 

6. Discuss the mechanism of each of the following reactions : 

(o) Reaction of NaOH with methyl chloride, 

(Udaipur B.Sc. 1978 ; Delhi 1979 ) 

(b) Electrophilic addition to alkencs (Guru Nanak Dev B.Sc. 1979 ) 

(c) Addition of halogen to carbon- 'arbon double bond. 

(Udaipur B.Sc. 1979) 



Appendix 4 

NEW TYPE QUESTION BANK—(D) 

SHORT ANSWER TYPE : 

1. Write various steps involved .n the chlorination of methane. 

2. Explain the following statements ; 

(/) Chlorination of alkanes is an exothermic reaction and yet it requires 
high temperature or exposure lo high energy UV radiations Tor its success. 

(ft) A more stable alkyl radical is formed more easily. 

{Hi) Halogenation in the presence or letramethyl lead proceeds at low 
temperature than when it is done m its absence. 

(tv) Iodination or methane does not take place, even when bromination 
and chlorination take place, in spite of the fact that iodine-iodine bond in the 
iodine molecule is the weakest. {Guru Nanak Dev B.Sc . 1976) 

3. Explain why— 

(0 Halogenation of the paraffins is an oxidative process. 

(ii) A tertiary carbon atom can be oxidised with relative ease. 

(ill) Why would one not prepare a Grignard reagent from BrQVCH^OH ? 

4. Write structural formulae for the following : 

(0 2, 2-Dimethylbutane. (f/) 4-Ethyl-2, 4-dimethylheptane. 

(itf) neo- Hexane. (ip) 3, 4, 4-Trimethylheptane. 

(r) 5-ethyl-2. 3-dimethyloctane. 

5. Name the following alkanes : 

(0 (C,H I ) B CH.CH a 1 (it) (CH i .CH 1 .CH I ) i C ; (/if) (CH^C 

6. Which of the following reagents will react with n-butane 7 

(/) Alkaline KMnO, solution. (if) Aqueous KOH solution 

(iii) Cold dilute nitric acid. (fr) Metallic sodium. 

(p) Iodine in presence of light. (vi) Bromine in the » ark. 

(p//) Bromine in the presence of light, (vtii) Chlorine in the dark. 

(ix) Chlorine in the presence of light. 

7. Why would the chlorination of ethane to ethyl chloride be a more 
practical synthesis than the chlorination or pentane to l-chloropentane ? 

8. An alkane with mol. wt. =72 formed only one monochloro substitu¬ 
tion product. Suggest a structure for the alkane. 

9. What products are obtained when propane undergoes mono-substi- 

tion 7 {Delta B.Sc tions. Sub . 1977) 

10. Chlorination reactions of certain higher alkanes can be used for 
labotatory preparation, e g., for the preparation of neopentyl chloride from nro- 
pentane and cyclopentyl chloride from cyclopentane. What structural features 
of these compound? make this possible ? 
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11. Can isobut&nc be prepared by Wurtz reaction ? 

12. Which higher homologue of methane is likely lobe formed during 
its halogenation 7 

13. Of the three isomeric pentanes, which one is expected to yield the 
largest number of isomeric monochloro derivatives 7 

14. How would you obtain n-butane from (i) sec-butyl bromide, (£1) 
ethyl chloride, and (iii) But-1 -ene ? 

1$. Write vaiious possible structural formulae or alkanes with molecu¬ 
le formula C*H l4 and write 1UFAC names. 

16. The greater Hie number of alkyl groups attached to the doubly bonded 
cartoon itoms, the more stable the alkene. Give the name of this rule and with 
Us help arrange the following alkenes in the order of (a) Decreasing stability, 
and (b) decreasing case of formation. 

RjjC 3=3 UK| i RjC=CH| i CH,*CK, , R|C*CHR | RCH»CHR £ RCH“CH|. 

17. Give structures of various alkenes expected from dehydrohalogen a- 

tion of (a) 1-chloropentene ; ( b ) 2-chloropentene ; (c) 3-chloropentene ; (d) 2- 
chloro-2-methylybutane ; (r) 3-chloro-2-methy1butans ; (/) 2-chloro-2, 3-d i- 

rnetbylbutane ; (g) l-chloro-2, 2-dimethylpropane. Predict the major product 
in each case. 

15. What alkyl halide, if any, would yield each one of pure alkene upon 
dehydrobalogenation ? 

( 0 ) Isobutylene ; (6) 1-pentene ; (r) 2-pentenc ; («/) 2-methyl-l-butene 
(e) 2-mcthyl-2-butene. 

19. Predict the major product of dehydration of each of the following : 

( 0 ) (CH 1 >,C(OH).CH l .CH 1 ; ( b ) (CH.VCH.CHOH.CH,; 

(c) (CH.j.CCOHJ.CHlCH,), ; [d) CH I ,CH l ,CH 1 ,CH 1 OH. 

20. ( 0 ) Electrophilic addition to a carbon-carbon double bond involves the 
intermediate formation of the more liable carbocation. Which rule is replaced by 
this general rule ? 

(b) Addition ofHCl to 3-methyl-J-butene yields mixture of two alkyl- 
chlorides . What are they likely to be and how is each formed 7 

21. Free radical addition to a carbon-carbon double bond involves the 
intermediate formation of the more stable free radical. The stability of free 
radicals is in the order : 

allyl> tertiary > secondary > primary > CH, ‘ > vinyl 

Keeping these facts in mind 

(a) formulate the addition of Br, to propylene and addition of HBr 10 
the resulting free radical, and 

(b) explain the action of Cl, on propylene 770-870K 


22 . 


Complete the following reactions : 

(a) CH,CH,CH«*CH,+HC1—» 

Cold cone. H,SO, 

(b) (CH,),CH+(CH,),C=CH 1 - 

(c) CHj.CH«CH,+HOCl-► 


id) 


CH, 

CH, 


^C-CH.-CH.CH, 
d»H Oh 


cone. H,SO, 


cone. H,S0 4 
(*) (CH,' 1 C=CH i -» 

23. How you will prepare the following: 

( 0 ) Propane from n-propyl alcohol, 

(b) a-Propyl bromide from propene. 

ic) 1-Butenc from l, 2-dichlorobutane, 

id) Ally! chloride from propene. <e) Glycol from ethylene. 
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24. Give the structure of alkenes that yield on ozonolysis 
(i) only acetone 

(tf) CH,—CH—CHO and CH,CHO 
I 

CH, 

What would each of these alkenes yield upon cleavage by KMn0 4 ? 

(Punjab B.Sc. 1976 Suppl.) 

25. Complete the following reactions. Giving reasons in support of 
your answer, assign the structure to the main product formed in each case : 


•} 


(i) rCH,—CH—CH,—CH,- 

L(CH,),N+ 

KOH 

(ii) CH,—CH—CH,—CH S - ¥ 

i, 


(1) AgOH 
(2) heat 


KOH 

(Hi) (CH,),C- CH, Br-► (Delhi B.Sc. Hons. 1976 ) 

26. State and illustrate the rule which governs the addition of HBr to 

propylene. ( Delhi B.Sc. 1976) 

27. Account for the fact ■ Addition of biomine to ethylene in the 
presence ef NaCl gives not only BrCHa.CHJIr but also BrCH v .CH,Cl. 

(Kerala BJc, 1975 ) 

28. Explain briefly why butadiene gives 1,2 and 1,4 addition products. 

(Delhi B.Sc. Hons. 1976 ; BSc . 1977) 

29. Why is the chair form of cyclohexane more stable than the boat 

form 7 Make diagrams of both forms. (Delhi B.Sc . Hon r 1976 » 

30. Write a note on mechanism of addition of bromine to ethylene. 

(Delhi B.Sc. 1977 ) 

31. Predict the products formed : 


cone H b SO! 

(0 CH 3 .CH 1 .CH 1 .CH,OH-► 

A (410K) 

HOC1 

(11) CH,.CH-CH,-► (Delhi B.Sc. Hons. Sub. 1977) 

32. Name the following : 

(a) (CH,), C«CH,. (6) (CH,), C-CHC.H,. 

(c) CH..CH-CH.CH,. (d) (CH,), CH.CH-CH.CH,. 

33. Write structural formulae for : 


(a) 4-cthyl-5-melhyl-2-hexene, (6) 2, 3-diethyl-l, 3-butadiene, 

(c) Trlmethyletbylene or 2-Methylbut-2-ene, 

(d) 3, 5-octadiene. ( e) 3-methyl-1-butene, 


34. Which compound would you expect to have large heat of hydro' 
pen At ion (in kj mol 1 ) cij-cyclooctene or /nm-cycloocrene ? 

35. Write step-by-step mechanisms that account for each product of the 
loliowmg reactions and explain the relative proportions of the isomers obtained. 


CH, 

I H+ 

CH,OH-- 

l heat 

CH, 


CH,. /H 

✓ C - C v 

CH,' n CH, 

(major product) 


H^ 


yCH,CH, 

h / v '"* C \cH i 
(minor product) 
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36. Show alt steps in the acid-catalysed hydration of propene. Explain 
why the product is 2-propanol and not 1-propanol. 

37. Give the structure and name of the product obtained on addition of 
HCI to propene. 

33. Write all steps of mechanism for the acid catalysed dimerisatioii 
of propene. Wtet would be the major product 7 

33. Arrange the following alkenes in order or reactivity towards acid- 
catalysed hydration and explain reasoning. 

CH.-CH,. CH,-CH=»CH,, CHr-C-CH, 

i:h, 

40. Write a mechanism that explains the course of the following 
reaction : 

CH, CH, CH, 

| HCI || 

CH,—CH—C—CH,--*CH,-C-CH-CH, 

I I I 

OH CH, Cl 

41. The relative rates of addition of hydrogen chloride to the following 
alkenes increase in the order below : 

Ethene>propene>2-Butene>2*Mcthylpropcne 

Explain. 

42. Explain the following equations : 

Cl, 

(/) CH,—CH—CH,-► 

770 K 


OH- 


t«i) CH.CHCl CH t CH a - 

EtOH 


{Delhi B Sc. Horn Sub. 1978) 


43. Discuss the mechanism of addition of HBr to propene. 

{A>ulhra B Sc. 1978) 

44. Discuss the mechanism of free radical addition to conjugated 

dienes. (Punjab B.Sc . 1971) 

45. When HBr is added to propylene in presence of peroxides, what is the 
compound that is formed ? {Kumruj B Sc. 1981) 


46. Draw the tetrahedral shape of methane molecule. 

t Kamraj B.Sc. 1981) 

47. What is the difference between a nucleophilic and an electrophilic 

reagent 7 {Kamraj B.Sc. 1981) 


4S. Lxplain hemolytic fission and heterolytic fission of C-C bonds 

( Kam'aj B.Sc . 1981) 

49. How is Westron obtained from acetylene ? State n$ use. 

(A amraj B.Sc. 198J) 

50. Acetylene is acidic while eth> lene is not. Explain why. 

{Kamraj B.Sc. 1981) 


91. CH.CH.I is more reactive than CH.CH.Cl towards KCN. Explain 
why ‘ {Kamraj B.Sc. 1981) 

52. Formic acid is a stronger acid than acetic acid, explain. 

{Kamraj B.Sc. 1981) 
* truc * ure simplest hydrocarbon containing a tertiary 

C * rt,0 “ ** wn ' (tCumraJ i.Sc. 1991) 
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HX HX 

54. HCwCH-► A-■-* B 

What is the final produce in the above sequence of operations. } 

{Kami aj B Sc. !987p 

55. Explain why acetylene is acidic in nature. {Delhi B.Sc . 1977 ) 

56. How are the following pairs distinguished ? Give one reaction. 

CH,.CH,.C=CH and CH,.C-C.CHj 

{DeihiB.Sc Horn*. Sub. 1977) 

57. What happens when acetylene U passed through warn* acetic acid 

In the presence of mercuric ions 1 {Delhi B.Sc. Horn. 1977% 

58. Write and draw an orbital structure of acetylene. 

(Guru Nanok Dm B.Sc, 1977% 
55- Give two properties each of electrophilic and nucleophilic additions 
on acetylene along with their mechanisms. {Guru Nanok Dev B.Sc, 1977 > 

60. Account for the fact—Acetylene forms a sodium derivative but 

ethylene does not. {Madras B.Sc. 1976 September) 

61. Give the shapes and bond angles of ft) ethylene and (If) acetylene. 
Mention the state of hybridisation of carbon in these compounds. 

(Osmania B Sc. 1975) 

62. How are alkynes distinguished from alkenes. 

{Marathwada B.Sc. 1976) 

63. Write the structural formulae for : 

(a) 4-Meihyl-2-pentyne ; (b) Diethy[acetylene ; 

(c) Dimetylacetylene ; ( d ) 3. 4. 4-Trimethyl-l-pcntyne. 

Give IUPAC names of {b) and (c). 

Which of these compounds give a positive test with Ag^KH s ) t + OH ? 

64. Give the strudure or the products obtained when l-penlyne reacts 

with : 

(a) one mole of Br B ( 6 ) one mole of HC1 

(c) two moles of HC1 [d) one mole of HBr and a pc reside 

65. Write structural formulae for : 

(f) 2^Chk>ro-3-Mcthylbutanc. (if) 1 , 3-Di-iodo-4-octcne. 

{Hi) 3-Chloro-l-iodohexanc. (fr) Neopentyl bromide. 

(v) IsobuiyL bromide. (h) sec. butyl bromide. 

(vail aw'Dibromopentane. 


66 . Name the following : 

(/) (CH*) t ,CBr. (ii) <CH t ) t CCl a . 

(110 CHg.CHBr CH.Br. {it) CHgBr.CH. CH.Br. 

67. How do you explain the high reactivity of alkyl halides 7 

{Delhi B.Sc . /977> 

68 . The reactivity order of the following compounds ia as follows ; 

Icrtiary alkyl bromide ;> Secondary alkyl bromide > Pi inary alkyl 

bromide. Explain. {Delhi B.Sc. 1977 > 

69. How docs chloroform react with the following i 

(i) Acetone, (if) Nitric acid ? {Delhi B.Sc, 1971 ) 

78. Give chemical tests to distinguish between ethylene chloride and. 
ithylidcnc chloride- (Delhi B.Sc. 1976 ; B.Sc. Hons. Sub . 1977 > 

71. Describe the action of aqueous KOH on (/1 CH,Ct. (It) CH.C:^ 
m CHCU (ivj CClg. Name the final product in each case. 

{MM B.Sc, Homs. Sub. 19761 


TOC-1 i-2'83-44 
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72. Give motions showing how the following can be obtained from 
i-bromopropanc: 

U) propylene, (i7) propanol, (tfi) nitropropane, (^) butanoic acid. 

{Delhi B.Sc Hons . Sub. 1976) 

73. Give addition and substitution reactions of propene with chlorine. 

'Name the mechanism involved. {Delhi B.Sc. 1976) 

74. Explain briefly why chlorine atom in vinyl chloride is not reactive. 

{Delhi B.Sc . Hons. 1976 ) 

75. r-Butyl chloride reacts with sodium hydroxide solution by S N 1 
mechanism while e-bulyl chloride reacts by the S N 2 mechanism. Explain why. 

C Kerala B.Sc. 1975 1 

76. Give one example where hydrolysis of alky 1 halide proceeds according 

*to oaimolecular (S||l) mechanism and one example where it follows bimolecular 
48*2) mechanism. (.Punjab B.Sc. 1976 Supp.) 

77. Give suitable explanations for the following : 

ti) 2-Butanol on dehydration gives 2-Butene. 

Propene on chlorination at 675 to 875 K gives allyl chloride. 

Chlorine atom in vinyl chloride is not reactive. 

(iv) feel-Alkyl halides usually react by S N 2 mechanism. 

{Delhi B.Sc. Hons . 1978) 

78. S*! type of reactions show racemisalion and rearrangement while 
V type of reactions show inversion but no rearrangement. Explain. 

{Delhi B.Sc. Hons. 1978) 

79. Explain why chlorine in allyl chloride is reactive while that in vinyl 

hlJKii e is not reactive (Andhra B.Sc. 1978) 

80. What is the order of ease of hydrolysis of the halogen in the 
following compounds ? 

(0 (CH|) a CCl; (ti) CHaCH.CHICH, ; 

(///) CH f ==CH.CH,Br ; f/v) CH.CH.CHBrCH, ; 

<v) CH^CH.CHT, and (vi, CH.-CHCl. 

(Andhra B.Sc. 1978) 

81. How do you explain the following order or reactivity ? 

OT t I>CH.-Br>CH a CI 

82. Why is the reactivity of a tertiary alkyl nalide>secondary alkyl 
halide>primary alkyl halide ? 

83. Give mechanism of isomerisation of 1 -Bromobutane into 2-Bromo- 
tmtane and that of neo-pentyl chloride into 2 -Chli.re-methylbutane when heated 
in the presence of A1C1, at 51 3 K. 

04. Give equations for the conversion of glycerol into isopropyl iodide. 


85. Name various factors which influence mechanism whether 

or S|f2. 

86. Summarize distinguishing features of S N 1 and $ N 2 mechanisms. 


07. What is p-elimination ? 


Sn* 


08. Why are S N 1 and El competing reactions ? 

09. Why does branching at the 0-carbon atom tend to favour elimina¬ 
tion at the expense of substitution ? 

90* Name the factors which tend to favour E2 reactions over vhe S M 2 

reactions 

* 91- With alcoholic potash C*H 7 Br (A) gives C f H, (B) along with some 
C*H u O iC) at Impurity. B on oxidation gvics C,H«0, (D>+carbon dioxide 
mid water. With hydrobrofnic acid B gives E. an isomer of A, Identify the 
compounds A to E. 
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92. With alcoholic potash C 4 H,C1, (A) gives C 4 H, fB) which reacts with 
ammoniac*! cuprous chloride. Identify compounds A and B. 

93. With alkali C,H|Cl, (A) gives C^O (B) or C^H« (C). C reacts 
with dilute sulphuric acid containing mercuric sulphate io give C,H ,0 (D) which 
gives with bromine in alkali, the salt of C|H 4 Ot (E). Identify the compound! 
A to E. 

94 Give structural formulae and IUPAC names of the following 
organic compounds : (fj sec. Butyl alcohol; Hi) Diethylcarbinol ; (Hi) Methylethyl- 
iio-propylcarbiaol; iiv) fro-Amyl alcohol. 

95. Write down the possible structural formulae and IUPAC names of 
various alcohols represented by the molecular formula C b H yi O. 

96. Give the reagents used and conditions employed for each step 
involved to bring about the following conversions : 

(f) Acetaldehyde from ethanol, 

\ii) Ethyl acetate from ethanol. 

(fit) Methanol from ethanol and vice versa . 

(iv) Primary alcohol from secondary alcohol and vice versa. 

(Delhi B.Sc. 1976 ; Rajasthan 1970) 
91. How are the Following conversions effected : 

(i) ethanol into propane’. 

(ii) 1 -propanol into 2-propanol ? (Delhi B.Sc. Hons . Sub. J977) 

98, Give chemical tests to distinguish between : 

(i) iJo-Propyl alcohol and /i-propyl alcohol. (Delhi B.Sc. 1976) 

(it) sec-Butyl alcohol and iso-butyl alcohol. (Delhi B.Sc. Hons. 1976 ) 

99. Describe the reaction between ethanol and sulphuric acid under 

different conditions. (Delhi B.Sc. 1976) 

100. Give two reactions of J-propano) 'in which hydrogen atom of OH 

group reacts and two reactions in which hydloxyl group as a whole participates. 
How do you account for such a behaviour 7 ( Delhi B.Sc. Hons . 1976 ) 

101. Outline the stages involved in the following conversions : 

(0 Isopropyl chloride to n-prop^ chloride. 

(ii) Propene to 2, 3-dimethylbutaiK, 

(iti) Acetic acid to isopropyl alcohol (Delhi B.Sc. Hons. 1976) 

102. Give reasons to explain the fact that tertiary alcohols react 

rapidly with metallic sodium but more rapidly with organic acids as compared to 
primary alcohols. (Delhi B.Sc. Hans. 1976) 

103. Give equations to represent the oxidation of primary f secondary and 
tertiary alcohols, Name the products in each case. (Punjabi BJSc. 1976 Supp.) 

104. Lower members of alcohols are soluble in water. Explain why. 

(Punjabi B.Sc. 1976 Supp ) 

105. Alcohols b ave higher boiling points than corresponding alkane, 

Explain why. (Pun)uU XSc. 1976 S .op.) 

106. Two bottles are supposed to contain chloroform and allyl *iu ui !. 
How will you establish their identity 7 Give one test in each case, 

(Delhi B Sc. Hons. 1976) 

107* Two unlabelled bottles contain chloroform ?nd methanol. How 
would you identify them 7 Give one test in each rase. 

iMh/ B.Sc. Hans. Sub. 1977) 

IN. Why it the boiling point of an alcohol much higher than an alkane 
of the corresponding molecular weight ? (Punjab B.Sc. 1974) 
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I09 Show how would you utilize bydroboration-oxidation procedure to 
prepare each of the following alcohols. 

(c) 1-Hexanol (b) 3>Dimcthyl 1-butanol. 

110. How would you prepare each of the following alcohols by acid- 
ca atysed hydration of the appropriate alkene : 

II) 2-Pemanol (fO Cyclopcntanol 

(fri) rrrf-Butyl alcohol. 

111. How will you convert ; 

(ij Propylene into glycerol. (ii) Glycerol into allyl alcohol ? 

(Delhi B.Sc. 1977 , 76) 

112. What happens when glycol is heated with cone H t SO< ? 

(Delhi B Sc. Hons 1977 ) 

113. Write structural formulae for 

(a) Pentane-1 . 5-diol. (hi 2-Methylpeniane-2 • 4 -diol 

(c) Propylene glycol. (d) Pentamcthylene glycol 

(*) a ■ w-Di hydroxy heptane. (/I Propane-1 : 2 • 3*triol. 

ig) 2 : 4-Bpoxyhexane. 

114. What is an antifreeze ? 


115. Why is glycol suitable for use as an antifreeze ? 

116. Boiimg point of glycol (—40010 is much higher ih?n that of 
1-propanol (-370 2K) and 2-propanol (=*W*61C) even though all the ihrec com¬ 
pounds have roughly the same molecular weight. How can you account for 
this fact ? 

117. Specific gravity increases from meihanol (—0*792) to glycol (— 1 M 13 
and further to glycerol (=*1-261). How can you account for the progressive 
increase in specific gravity ? 

11B. What are the difficulties encountered in the preparation of di-ferf 
Butyl ether by the Williamson's method ? [Delhi B Sc Hons 1976 ) 

119. How wilt you convert tert butyl alcohol into di •tert butyl ether * 

(Delhi B Sc. Hons. 1976 , Madras B.Sc. 1978 ) 

120. What test would you perform to distinguish between : a-butyl 

alcohol and diethyl ether > [Delhi B Sc. Hons. 1976 ; Sub. 1978 ) 

121 How is ethanol converted into diethyl ether by Williamson's process ? 
Write the structures of other ethers isomeric with it. 

(Delhi B Sc, Hons. Sub . 1976) 

122. Name various ethers represented by the molecular formula CJH.,0 
ar.d write their structural formulae. 


123. State how you can distinguish by chemical means between Diethyl 

ether and methyl propyl ether, (Agra B Sc. 1970 > 

124. Account for the following : 

(а) Presence of acid is necessary for the cleavage of ethers, 

( б ) Sometimes explosion occurs during distillation of an ether sample, 

125. How is peroxide in ether detected and removed. 

QHjBr is freed from twees of ether by shaking with cone. H t SO« 
Explain why 7 B 4 

127. How w iM you distinguish b etwe en an alcohol and an ether 7 

(Delhi B*Sc, 1978 Supp.) 



tm 

m OhmmtOM to the following: 

(i) Alcohols have higher boiling points than the corresponding isomeric 

ethers. 

(fi) Diethyl ether behaves os a base. (Delhi B Sc Home. Sub. 1976) 

110. Write structural formulae or the isomeric ethers of the molecular 
formula € 4 Ht t O and name them according to the 1UPAC system. 

(Madnu BJk. 1976) 

130. Write giving mechanism what you know about the following 

cleavage of ether molecules by acids. [Punjab B Sc. 1974 , 75, 76) 

131. How do you account for high dipole moment of aldehyde and 
ketones *> 

132. Write IUPAC names of the compounds whose formulae are given 

below: 

(j) C.H/HO i ft) CH.CH^OCHiCH, 

C/ii CH 1 .C,H 4 .CHO (iv) CH.COCH.CH, 

133 Write the formulae of various carbonyl compounds having the mole¬ 
cular foimuL CJH„0 ard give their trivial as well as IUPAC names, 

134 Hew is an aldehyde obtained from an acid chloride ? 

135 How is ketone obtained from an acid chloride 7 

136 In what respect is dialkylcadmium superior to Grignard reagent for 
the preparation of a ketone from an acid chloride ? 

137 Solubility of carbonyl compounds decreases with the increase in 
their molecular masses I xplain why 7 

138 Boiling points oT aldehydes lie between parent alkanes and corres¬ 
ponding alcohuls. Ho.v do you account for it 

139 What do you understand by nucleophilic addition to thL carbonyl 
group Write mechanism 

140. How do you represent and tccoi.nl Tor aud-catalyscd nucjeophilic 
addition to the carbonyl group * 

141. Write mechanism for the nucleophilic addition of HCN and NaHSO* 
to >C^-0 group 

142. What is aldol condensation 5 

143 W’uiis Inllen's reagent ’ How doc. u • 'awl w ih acetaldeh/de ? 

144 Write a short note on : 

(i) Clcmmenscn reduction. 

Ui) WolfT-Kishner reduction 

(in) Mecrwcm Punndorf ieduction 

145. How do you account for teffc following . 

(d) In the labnr.ooiv prcparatio l oT acetaldehyde by oxidihon of ethanol 
acetaldehyde is distiUcU out continuously. 

(6) Didikvltadmuim i* considered superior to Grignard reagent for the 
preparation of a ketone hom an at id chloride. 

(c) NaHSO a is used for the purification of aldehydes and ketones. 

146. Write two reactions showing difference between HCHO and 
CHjCHO 

147. Give two chemical properties in which CH a CHO and CH B COCHa 

— differ. 

148 Give chemical tests to distinguish between acetaldehyde and 
acetone. (Delhi B Sc. 1976) 

144. What happens when acetaldehyde is treated with dilute sodium 
hydroxide solution 7 ( Delhi B.Sc , 1976) 



2'422 


ORGANIC CHEMISTRY 


150. Explain briefly why chloral form* liable hydrate. 

{Delhi B.Sc. Hons. 1976) 

151* Write equation to show Cannizzaro's reaction. {Delhi B.Se . 1976) 

151. Explain intermolecular hydride transfer in Cannizzaro reaction* 

{Delhi B.Sc. Horn. 1976) 

153. CH.COCH, reacts with phenylhydrazine but CH.CONH. does not, 

though both have the carbonyl group. Explain why. (Kerala BSc. 197S) 

154. Discuss the mechanism of praacol-pinacdone rearrangement 

{Delhi B Sc. Hons. 1976 ; Nagpur BSc7l974 Supp.) 

155. Why does acetaldehyde not undergo Cannizzaro reaction f 

{Delhi B.Sc. Hons. 1977) 

154. Write a short note on Rosenmund*i reaction. [Madras B.Sc. 1976) 

157. How may acetone be obtained from acetic acid 7 

{Madras BSc . 1978 ) 

158. How does 

(f) hydroxylamine react with acetaldehyde 7 
(IT) formaldehyde react with ammonia 7 {Madras B.Sc, 1978) 

159. Indicate the method or converting acetone into 

(0 chloroform, (if) mesitylene, 

{Hi) isopropyl alcohol, (iv) a-hydroxy-isobutyric acid. 

{Madras B.Sc. 1978 ) 

160. How may acetaldehyde be converted into lactic acid 7 

{Madras B.Sc . 1978) 

161. What is a carboxyl group ? Why is it so called 7 

1 62. Lower carboxylic acids are very soluble in water. Solubility 
decreases with increase in molecular mass. Explain, why 7 

163. Melting point of an acid with even number of carbon atoms is 
higher than those of its immediate neighbours with odd number of carbon atoms. 
How can you account for this fact 7 

164. Boiling point of an acid is higher than an alcohol with same number 
of carbon atoms. Give reason, why ? 


165. Which is more acidic of each pair: 

{a) CH.C1COOH and CH.BrCOOH 

(6) CHC1.COOH and CH.COOH 

(c) CH.COOH and HCOOH 

166. Complete the following equations : 

(0 CO. 

(/) C.H.MgBr-» 

07) H+ 

(//) C.H.COONa+NaOH-► 


LiALH. 

(///) CH.CH.COOH-> 

167. Arrange the acids given in each set in the order of increasing 
acidity : 

(a) CH.CH.COOH, CH.CHC1COOH, CH.CHFCOOH 
lb) CH.COOH, CH.C1COOH, CHC1.COOH, CC1.COOH 
(c) CH.CHCICOOH, CH.CICH.COOH 

M*. to •cryiic «cid CH.-CH—COOH, the >44111100 of HCl Uke» piece 
contrary to Mukotnukoff’c rule but to the tcM ttraetan 
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CH.—CH—CH,—CHaCCXJH 

the addition is in acoordanice with the rule. Explain. (Delhi B.Sc. Ham. 1977} 

169. The labels of four bottles supposed to contain respectively acetone, 
formic acid, methyl alcohol and chloroform have been removed. By what chart- 
oal tests would you be able to put labels on these bottles 7 (Jabalpur B.Sc. 1976) 

170. Though fatty adds have >C«0 group in than, yet they do not 

form oximes* Explain. (D*Ud BJb> atm, 197V} 

171 An alcohol does not dissociate to give hydrogen ions, while a car¬ 
boxylic acid does, when both contain the hydroxyl group. Explain. 

[Delhi B.Sc. Horn. 5*6. 1977 ) 



173* Monochloroacetic acid is a stronger acid than monobronioooetk 
add. Give reasons. t Madurai B.Sc. 1976 &wp.) 

174. Starting from propionic acid how are the following prepared ? 

(f) Propfcmamidc. (if) Propionic anhydride. 

(tf/) Diethyl ketone. (Madt&ai B.Sc . 1976 5*p.> 

175. Formic acid is stronger acid than acetic add. Explain Why.* 

(Madurai BSc. 197$} 

176. Trichloroacetic acid is a stronger acid than acetic add. Account 

for this. (Madras B.Sc. 1976 5app.> 

177. How is oxalic arid converted into formic acid 7 (Madras B.Sc. 1979) 

179. Give an example to illustrate the reducing property of ftpnnic add. 

(Madras B.Sc. 1979} 

179. How would you effect the following conversions : 

(I) 1-Bromopropane into butanoic acid 7 

(fi) Malonic acid into acetic acid 7 (Madras B.Sc. 1979} 

180. How docs acrylic acid react with 

(f) bromine, (H) dilute aqueous potassium permanganate 7 

(Madras BJ>c. 1979} 

101. Starting froip acetic acid how willjou obtain 

* 

(!) monochk) race tip acid, (it{ acetamide 7 ( Madras B.Sc . 1971) 

192. Write common as well as 1UPAC names for the following com¬ 
pounds s 0) (CH.WCOOH), ; (if) (CH 1 ) I (COQH), ; ' 


(Iff) .CH^ 


COOH 

coon 


CHCOOH 
(fr) B v 
chCooh 


(v) HOOC CH.CH,.CH,.CH.CCX)H 
; CH, Cl 


193. What is the action of alkaline KMnO t on — 

(0 maleic acid. (if) fumaric acid 7 

(Delhi B.Sc. 1976y 

194. Based on the orbital concept of covalent bond explain the exis¬ 
tence of geometric isomers, (Delhi B.Sc. 1976} 


195. What is the action of heat bn the following 

(f) Makroic *cid, (//) Glutaric acid, 

(III) Oxalic acid, (fv) Amm^niurti oxalate, 

(v) Ammonium succinate, <W) italic acid 7 

196. How Is oxalic acid convened into formic acid ? M _ 

(Madras BSc. 1977} 
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1*7. Stirling from malic acid bow would you prepare maleic and fuma¬ 
de acids ? (Delhi B Sc, Hons. Sub. 1977 Supp.) 

18*. How would you distinguish between maleic and fumaric acids 7 

(Madras B.Sc. 1974 ; Delhi B.Sc. Hons. Sub. 1978 Supp.) 

1*9. What products are obtained when malic acid is 

(i) oxidised and (If) reduced. (Madras B.Sc. 1978) 

19*. First hydrogen atom in oxalic acid iomxes 1030 times more readily 
than the second hydrogen atom. Explain, why 7 

191. What is the action of (ii heat, (tf) sodium hypochlorite, («f) 

nitrous acid, and (tv) malontc ester on urea 7 (Delhi B.Sc. J976) 

192. Give the mechanism of Hofmann hypobromite reaction. 

(Delhi B.Sc. Hons , Sub. 1976) 

1*2. Explain briefly why acetyl chloride is a stronger acetylating agent 
than acetic acid. (Delhi B.Sc. Hons . 1977) 

194. Why acetyl chloride is a better acetylating agent than acetic 

anhydride 7 Explain, giving reasons. (Delhi &Sc. Hons . 1976 ) 

195. Give reasons why acetamide is very slowly hydrolysed with water 

hot rapidly in the presence of an acid or alkali. (Punjab B.Sc. 1975 Supp.) 

196. Explain why amides (RCONH,) are much weaker bases (rather 

somewhat acidic than amines). (Guru Nanak Dev B.Sc. 1976 Supp.) 

197. Explain why S N 2 reaction takes place much readily at an acyl 

carbon than an alkyl carbon. ( Guru Nanak Dev B.Sc. 1976) 

a 

19*. Give the probable mechanism of the alkaline hydrolysis of an ester. 

(Punjab B.Sc. 1976 Supp.) 

199. Complete the equation given below, mentioning the name of the 
read ion concerned 

OH- 

Cll.CONH,-* ( Punjab B Sc 1976 Supp.) 

2*0 What is Hofmann’s degradation ? (Madurai B Sc. 1978, 77) 

2*1. How will you distinguish beiwecn acetamide and urea 9 

(Kanpur B.Sc. 1978 ) 

202. How will you show that acetamide possesses an amide group 7 

(Kanpur B Sc. 1977 ) 

2*3. Write a note on Biuret reaction. (Madras B.Sc. 1978) 

204. Explain why urethane is prepared by the reaction or isocyanate and 
absolute ethyl alcohol. (Delhi B Sc. 1978) 

2*5. How can mtroalkanes be distinguished from alkvl nitrites 7 

(Delhi B Sc. 1976 Supp.) 

2*6. Why are primary nitroalkancs acidic in nature 7 ( Delhi B Sc. 1976) 
2*7. What are oils, fats and soap ? (Guru Nanak Dev B.Sc. 1971) 

2*8 Kow does soap solution remove dirt particles from cloth 7 

(Guru Nanak Dev B.Sc. 1971 
2*9. Sketch the structural formulae of (0 Ethyl acetate and (//) Methyl 
RKipianate. tfuru Nanak Dev B.Sc. 1971) 

210. How do you explain the formation of ethyl nitrite and nitmthane 
when ethyl bromine reacts with potassium nitrite and stiver nitrite respectively ? 

211. What aie drying oils 7 

212. Give electronic mechanism of Eiterificatijn. 

(Kerala B.Sc. 1957; Delhi 1976) 
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213. Define the saponification value of a fat and explain its significance, 

[Madurai B.Sc. 1976 October) 

214. How was it established that esterification involves the cleavage of 
the O—H bond of the alcohol and C—OH bond of the acid ? 

t Delhi B.Sc. Homs. 1977) 

219. Nitromethane dissolves in alkali. Explain why. 

(Andhra B.Sc. 1976) 

216. Nitromethane slowly dissolves in aqueous alkali but methane does 

not do so. Explain. (Madras B.Sc . 1978) 

217. Compare the behaviour of primary, secondary and tertiary nitro- 

alkanes towards nitrous acid. (Madras B.Sc. 1973) 

219. Discuss the mechanism of hydrolysis of esters. (Andhra B.Sc. 1978, 

219. Give two ilsrsiUiiMii n suit rt cf cit>l nitrite ard nitroethane. 

(Madras B.Sc. 1978) 

220. Give the mechanism Tor an ester formation. 

(Srivenkateswara B.Sc. 1978) 

221. How do primary, secondary and tertiary amines differ in their 

reaction towards nitrous acid ? ( Punjabi B.Sc. 1976) 

222. Give two chemical properties orEthylamine. 

(Punjabi B.Sc, 1976) 

223. Using Hinsberg's reagent, give a scheme to separate a mixture of 
fi-propvlamine, diethyiamine and triethylamine into its constituents. 

I Delhi B.Sc. 1976) 

224. How will you separate the constituents of a mixture of methyla- 
mine and dimethylamine 7 Give one reaction to distinguish them. 

(Delhi B.Sc . Hons. 1976) 

225. How are primary, secondary and tertiary amines distinguished from 

one another 7 (Only two tests are required.) (Delhi B.Sc . 1976 Supp.) 

226 The amino group in cihylamine is basic whereas that in acetamide 
is not. Explain, why 7 (DelhiB.Sc. Hons . 1976 ) 

227. Write a note on comparative strength of the primary, secondary 

and ternary amines. ( Delhi B.Sc. 1977) 

228. Explain how you would proceed to distinguish between : Methyl 

cyanide and Methyi isocyanide. ( Agra B.Sc . 1970 ) 

229. Give electronic mechanism for the reaction of ethyl iodide with 
</) KCN and ( ii ) AgCN. 

230. What is an active methylene group ? Give structures of three 

compounds having such a group. ( Delhi B.Sc. Hons. 1977 ; B.Sc. 1976 Supp,) 

231. Why is the keto form of acetoacetic ester more stable than itk 

enolic form ? (Delhi B.Sc. Hons . 1977) 

232. How can the following compounds be prepared from either aceto¬ 
acetic ester or malonic ester ? 

(0 Benzylacetone, (//) CH J COCH l CH I CCX)H, 

(ii7) Barbituric acid, (iv) Glutaric acid. 

(Delhi B.Sc. Hons. 1977) 

233. What is the action of alkali on : 

(0 Mono-, di- and trichloroacetic acids. 

(ii) fr- and Y*chtorobutyric Acids. 

234. What happens when— 

(i) Trichloroacetic acid is heated with soda lime. 

(ii) Formaldehyde is reacted with ammonia. (Jabalpur BSc. 1976) 
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XU What do you understand from isoelectric point ? 

(Jabalpur B.Sc. 1976 

236 Trichloroacetic acid is k very strong acid. Explain why. 

{Calicut B.Sc. 197S) 

237. How would you prove the amphoteric behaviour of aminoaclds 7 

(Agra B.Sc . 1973) 

23S. What is the action of heat on glycine 7 (Agra BSc. 1973) 

239. Monochloroacetic acid is a stronger acid than monobromoacetic 

acid. Explain why. (Madras B.Sc. 1976 October) 

240. Trichloroacetic acid is a stronger acid than acetic acid. 

(Madras B.Sc. 1976 Sept.) 

241. Explain why proteins in solution at low pH will migrate towards 

the cathode while in solutions of high pH these proteins migrate towards the 
•“ode- (Bangalore B.Sc . 1974) 

_. 742. Chloroacetic acid is a better proton donor compared to acetic acid. 

Give satisfactory explanation for this fact. (Osmania B.Sc . 1975) 

243. How can a 0-amino acid be obtained from : (f) an aldehyde, and 

(U) a halogen-substituted acid 7 (Delhi B.Sc. 1976 Sapp.) 

244. How would you show that acetic acid is a 0-hydroxy acid 7 

(Delhi B.Sc. 1976 Supp.) 

7AS. How would you synthesise tartaric acid, starting from acetylene 7 
Indicate the reagent and conditions employed for each step involved. 

(Delhi B. Sc. 1976) 

246. What happens when tartaric acid is treated with (a) hydriodic acid, 

ib) cone. H,S0 4i (c) hydrobromic acid, ( d) PCI, 7 (Delhi B.Sc. 1976, 77) 

247. Explain any four of the following : 

(0 Fumaric acid has a higher melting point than maleic acid. 

(tf) Malonic acid undergoes easy decarboxylation. 

(itf) Maleic add gives anhydride on heating while fumaric does not. 

(fe) Benzoic acid is more acidic than acetic acid. 

(?) Phenols am stronger acids than alcohols. 

(Delhi B.Sc. Hons. 1980 ) 

248. Explain any two or tbi following : 

(0 Allyl chloride is hydrolysed more readily than propyl chloride. 

(if) Acetamide has slight acetylating action, whereas acetyl chloride 
is a vigorous acetylating agent. 

(U0 Sodium reacts with acetylene not with ethylene. 

(ir) Amines are higher boiling compounds than hydrocarbon* oT 
corresponding molecular weight, but have lower boiling points 
than corresponding alcohols. 

(Delhi B.Sc. 1980) 

249. Explain the following : 

, (?) Carboxylic acid and esters of carboxylic* acids do not respond to the 

dtnitfophenylhydrazme test although both contain the carbonyl group. 

(b) Alkyl chlorides and allyl chloride give a precipitate ofAgCl on 
heating with alcoholic AgNO, whereas vinyl chloride does not. 

(c) NH* is more basic than trimethylamine but leu basic than methyl- 

amine. 

(<p Ptopylenc on treatment with HBr in presence of peroxide gives 
"•propyl bromide. (Delhi B.Sc . Haas, 1981) 

250. Explain any two of the following : 

. (0 The boiljna point of ethyl alcohol is higher than that of dimethyl 

ether, although both have the seme molecular weight. 
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(//) Propionic acid is a weaker acid than formic acid. 

(Hi) Actonc is less reactive than actaldehyde. 

(Iv) Methylamine is stronger base than ammonia. (Delhi B.Sc. 1981 > 

OBJECTIVE TYPE 
(A) SELECTION TEST TYPE : 

Choose the correct alternatives) out of the suggested ones as answer in the 
following questions ; 

1. A nucleophile.being an electron-rich species must possess : 

(a) An overall negative charge, [b) An overall positive charge, (c) An 
unpaired electron, (d) An unshared pair of electrons. 

2. In the rearrangement of a carbonium ion to form a more stable 
carbonium ion, the migrating group leaves : 

(a) With its electron pair, (ft) Without its election pair, (c) As a Tree 
radical, (d) As a,di-radical. 

3. Which of the following statement? concerning carbonium ions is not 
correct 7 

(а) Primary carbonium ions are more stable than secondary. 

(б) Secondary free radicals are more stable than primary. 

(c) Tertiary free radicals are more stable than secondary. 

(d) Tertiary carbonium ions are more stable than primary. 

4. The number of possible isomers of monochloro derivatives of 
2-methylbutane is : 

(a) one, ( b ) two, (c) three, (d) four. 

5. Which of the following reagents may be labelled as electrophilic? 

(a) NH b , (b) CH.OH, (c) BO., [d) A1C1«. 

6. The change in hybridisation of carbon in the dehydration of aceta¬ 
mide given below is : 

S° P.O„ 

Crf,—C—NH,-► CH,—C=N 

(a) sp* to sp 1 . ( b ) sp* to sp. (c) sp to sp*. (d) sp* to sp. 

7. Which of the statements given below is not characteristic of a reaction 
taking plaoe by free radical mechanism : 

(а) It may be initiated by heat. 

(б) The final product is derived from the most stable free radical. 

(c) One mole of product is obtained from each mole of free radical 
initiated. 

(d) Nature of solvent (polar or non-polar) has practically no effect on it. 

9. Hydrolysis of trrt. butyl bromide, (CH.).CBr is a first order reaction* 
One reason for this is that: 

(а) the intermediate carbo-cation is stabilised by solvation ; 

(б) the intermediate ferf-butyl carbo-cation is relatively easily formed; 

(cl the product rerr-butyl alcohol is tbermodynamically stable ; 

{d) Walden inversion takes place. 

9. Which of the following is the major product of dehydration of the 
following alcohol : 

CH. H 

I I 

CH.—C-C—CH. 

U OH 

(a) 3,3-Dlmcthyl-l-butene ; (b) 2,3-Dimethvl-1 -butene j (c) 2, 3- 

DifflethyI-2-bateDc t (rf) 3-MethyH-peoten*. 
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IS. Chlorination of propylene al 750K produces mainly : 

(a) 01,001001,0 i fb) 01,00-010 ; 

(c) CH,OCH-CH,; id) CH.CHCICH.O. 

11. Which of the following bases is most likely to favour S N I reaction 
rather than S N 2 reaction in the hydrolysis of an alkyl halide 7 
(a) OH- ; {b) OEi' ; (c) H,0 ; (d) NH,-. 


12. Tn the acid catalysed dehydration to the corresponding alkcne. 
which or the following butvl alcohols is most easily dehydrated 

CH, CH t 


(fl) 


CH a —CH—CH.OH ; 


(b) 


CH,—C—OH * 

I 

CH. 


(c) CH..CH..CH, . CH,OH ; (rf) CH a CH,.CHOH.CH,. 

13. Normally S N 2 reactions proceed with : 

(a) retention of configuration ; (b) Walden inversion ; 

(c) racemisation ; id) raccmisation and Walden inversion. 

14. Final product of the reaction between 1-buiyne and HI is : 

[a) 2. 2-Diiodobutanc. (b) 1, 2-Diiodobjtane. (c) 1. 1-Diiodobutane. 
(d) 1.1, 2, 2-tetraiodobutane. 


15. A hydrocarbon with molecular formula , CjH, reacts with bromine 
readily and gives a white precipitate with ammoniacal silver nitrate solution. 
Treatment with dil H,SO t solution containing HgCl, gives 2-buianonc. The 
hydrocarbon is : 

[a] 2-Butyne. ( b) 1-Butene.. (c) Cyclobutene. ( d ) 2-Butyne. 

16. On bubbling 1-butync through dil. H,S0 4 containing mercuric 
chloride the main product is ; 

(□) Butanone. (b) 1-Butanol, (c) 2-Butanol, (d) 1, 2-Butanediol. 

17. An unsaturated hydrocarbon X (C*H t ) on partial reduction with 
hydrogen in presence of palladium gives Y (C 4 H a ). X gives a precipitate with 
ammoniacal cuprous chloride solution. 

(a) X is 1, J-butadiene and V is 1-butenc. 

(b) X is 1, 3-butadiene and Y is 2-butene. 

fc) X is I-butyne and Y is 1-butene. 

id) X is 2-butyne and Y is 2-butene. 

18. Which one of the following products is not orobihlc in the react ion 
between ethylene and bromine water containing NO,' and Cl ? 

(a) 01,8101,0 ; ib) CH,CICH,C1 ; 

(c) CHftBrCH,Br; (</) CH,BrCH,ONO t . 

19. The alkenc which produces acetaldehyde and 2-butanonc on ozo- 
notysis is : 

\a) (CH,),CHCH-CHCH,. (b) 01,01,01,01«CH,. 

[c) CH,CH,C—CHCH,. id) C,H,CH-C(CH,)CH f CH,. 

1 

Ol, 

20. Which one of the following organic compounds would give iodo¬ 
form reaction ? 

(a) €H,CH,CH i CHO 


(b) CHrfH*COOi, 
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21. Which one of the following compounds gives an addition product 
with HI not according to Markownikoff rule : 

(a) CH.CH-CH,. (t>) CF.CH-CH. 

(c) CH.(CH,),CH— CH,. (d) CF^CHj.CH—CH,. 


22. The following reaction is a/an : 

CH.CHO+NH,—NH,-► CH,—CH=N—NH.+H.O 

(a) elimination reaction (b) condensation reaction 

(c) nucleophilic substitution (d) electrophilic substitutkm. 


23. Which one of the following is most readily attacked by nucleophiles 1 
(a) C.H.CHO, (b) CH.CHO. (c) HCHO, (d) CH.COCH,. 

24. The order of reactivity of the following alkanes towards clec.ro- 
pbilic attack is: 

(i) CH,CH=CH„ (ff) CH.-CHC1. 

(iii) CH,=CH, (tv) (CH.fcC-CH, 


(a) (<) > (fit) > Iff) > (fv) ; (b) (0 > (HO > (H) > (!*); 

(c) (I) > (fv) > («0 > (H) i (d) (fv) > (0 > («0 > (fl) 


25. Major product obtained when acetone is refluxed with Mg followed 
by hydrolysis with dilute acid, is : 

(a) CH,—CH,—CH„ (6) CH,—CHOH—CH,. 

OH CH, CH, 

(c) CH,—<^H —CH,—C—CH„ {i) CH,—C-C—CH, 

in li 

OH, O OH OH 


26. Among the following acids the strongeat acid is *. 

(o) CH.COOH. (b) CH.CICH.COOH, 

(e) CH.C1COOH, (d) CH,CH.COOH. 

17. On arranging CH.COCI, CH.CONH, and CH,COOC,H > in tha 
decreasing order of reactivity towards nucleophiles, we get 


(a) CH.COO > CHjCONH, > CH.COOEt 

(b) CH.COCI > CH.COOEI > CH.CONH, 

(e) CH.COOEI > CH.CONH, > CH.COCI 

(d) CH.OONH, > CH.COCI > CH.COOEt. 

E, The strongest base among the following compounds is: 

(«) <C.H,),NH (b) C.H.NH. 

(c) C.H.NH, (d) CH.OONH,. 

29. Of the following compounds the one/ones which give(s) nitrogen 
when treated with NaNO, and dilute HC1, it/are : 

(0 CH.NHC.H, («) (CH,),N 

(iff) (CH.hCHNH, (!r) t^H,CH,NH, 

(o) (f)and(H), (b) (fv), (c) (fU) and (fv), (d) none. 

M. Out of the compounds given below, the one which is hyd rolysed by 
water with greatest ease is : 

(«) CH.CONH, (b) CH.COOC.H, 

(e) CH.COCI (d) (CH,C0),0. 
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31. Out of the various reagents given below, acetamide reacts with 
maximum ease with : 

(a) C,H|OH (6) C.H.NH, 

(c) HfO (d) aqueous solution of NaOH. 

32. Acetic anhydride is prepared in the laboratory by heating sodium 
acetate with: 

(a) Zinc dust. (6) Conc.H f S0 4 

(e) Acetyl chloride. (d) Ethyl chloride. 

33. Compound X having molecular formula C a H,N when subjected 
to exhaustive methylaiion followed by treatment with moist silver oxide and 
heating gives ethylene as the major product. X is : 

(a) CHj—NfCH,), i b ) CH|—CH(NH,)—CH, 

f e) CH f CH l CH l NH 1 ( d) CH.CH.NHCH, 

34. An ester X when heated with aqueous alkali gave an alcohol Y an d 
the salt of the acidZ. Y gave a positive iodoform test. Z decolorised an aci¬ 
dified solution of KMnO c . The ester X is : 

(a) CH a COOC 1 H # (b) CH.COOCH, 

(c) HCOOCHt (d) HCOOC.H*. 

35. Which of the following compounds will undergo Cannizzaro’s 
reaction when treated with an alkali 7 

la) CHs.CHg.CH. CH.CHO, ( b ) (CH^CH.CHsCHO, 

(c) CHs.CHs.CH.CHO (if) (CH.),C-CHO 


CH, 

36. Starting material to synthesise 2-meJiyl-2-butanoic acid is 

[a) (CHjJgC—OH ( b) CH,CH,CH t CHO 

(c) CH.CH.COCH, Id) (CH,). CH-CHO 

37. Methyl ketones are usually characterised through : 

(a) The To Hen’s reagent, (6) The Sch iff s test, 

(c) The Benedict’s solution, id) The bromine test, 

(e) The iodoform test. 


- -— 

1. id) 

2. (a) 

.KEY 

3. (o) 

4 . (d) 

S. (e) 

6. (d) 

7. (c) 

*. (A) 

9. (c) 

10. (c) 

11. (0 

13. (b) 

13. ( A) 

14. («) 

IS. (d) 

16. (a) 

17. (e) 

It. (A) 

19. «r) 

20. (A) 

21. (A) 

22. (6) 

13. (e) 

24. (<f| 

2S. id) 

26. (c) 

27. (6) 

28. (a) 

». it) 

30. (e) 

31. (<0 

32. (c) 

33. (<l) 

34. ( d) 

38. (*0 

36. (c) 

37. (d) 





B> TRUE-FALSE TYPE : 

Write the word True, False or Don’t know against each Statement given 

below: 

1. Methane undergoes addition reactions. 

2. Electrolysis of an aqueous solution of sodium acetate gives ethane. 
This U an example of Wurtz synthesis. 

3 . Formation of divinylacetylene from acetylene is an example of 
cyclic polymerisation. 
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5. Alkyl halides on reduction with zinc-copper couple and aloohol give 
alkene*. 

6. Chloral is an aldehyde. 

7. The ease of dehydration of alcohols is in the order : 

Primary > Secondary >Tertiary 

S. The weaker the carbon-halogen bond, the greater the reactivity of 
the alkyl halide. Hence the reactivity sequence is ; 

R—I>R—Br>R>Cl>R>F 

9. An alcohol can accept a proton to give protonated alcohol, i.€. t it 
can act as a base. 

10. The acidity of alcohols has the following sequence: 

Methanol > primary > secondary > tertiary 

11. The more stable alkene is the preferred product or dehydration of 
aloohols. 

12. Vinyl alcohol and acetaldehyde are isomers. 

13. The ease of formation of carbonlum ion during dehydration of 
alcohol follows the sequence : 

Primary > secondary > tertiary 

14. Acetone gives a pink colour with SchifTs reagent. 

15. Esters can be obtained by Griguard reaction. 

16. Hydrolysis or a Grignard reagent gives an alkene. 

17. Bonding in methane molecule involves sp 1 hybridisation. 

IB. During unimolecular nucleophilic substitution reaction (§ N 1) in alkyl 
halides, the departing group leaves the molecule, before the entering group is 
attached to the molecule. A positive charge develops on the carbon atom. 

19. During S N 2 reaction, the departing group leaves the molecule only 
after the entering group is attached to the molecule. 

20. The nucleophilic reagents are electron-rich species (and basic in 
character). 

21. A carbanion is formed when carbon atom aeqaires a positive charge. 

22. Electrophilic substitution or addition is a stepwise process involving 
an intermediate carbonium ion. 

23. Hydrogen bonding in alcohols is the awe for their high boiling 

points. 

24. Electron delocalisation is possible in 

s° 

CH,—CH|— c r . 

x o 

25. An acid chloride is a stronger electrophile than an acid. 

26. Chloroacetic acid is stronger than acetic acid. 

27. The IUPAC name for 

.CH. 

CH, —C—CH,—CH—CH, 

CH, OH 
U 2,2*dimethylpentan-4-ol. 

28. Addition of water to an alkene is an electrophilic addition. 
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29. Branination is an example of general relationship between reacti¬ 
vity and selectivity. It is due to relatively low reactivity of bromine atoms. 

30. Chlorination or an alkene is suitable for the preparation of an alkyl 

halide. 

31. Halogen at ion of alkanes is a Tree-radical chain substitution reaction. 

32. In the inaction 

CH,Cl+OH“ —*> CH,OH+Cl- 

(а) the rate of reaction is independent of the concentration of OH - . 

( б ) the OH* attacks the carbon from the side away from the Cl atom. 

33 . Bromination of propionic acid in presence of phosphorus gives 

CH.CHBrCOOH 

34. Addition of HBr to CH,=CH.COOH gives CH t Br—CH. COOH. 

35. Chlorination of propene at high temperature gives C1CH,—CH=~CH 

36. Ethyl chloride when treated with ale. KOH gives ethyl alcohol. 

37. In the dehydrohalogenation of an alkyl halide, more stable the 
alkene, the more easily it is formed. 

38. a-aminoacids on heating lose a molecule of water to produce a 
cyclic anhydride. 

39. p-hydroxypropionic acid on heating gives a lactide. 

40. Urethan is NH.COOC.H,. 

KEY 


I. 

F 

2 . 

F 

3. 

F 

4. 

T 

5. 

F 

6 . 

T 

7. 

F 

8 . 

T 

9. 

T 

10 . 

T 

11 . 

T 

12 . 

T 

13. 

F 

14. 

F 

15. 

T 

16. 

T 

17. 

F 

18. 

T 

19. 

T 

20 . 

T 

21 . 

F 

22 . 

T 

23. 

T 

24. 

T 

25 

T 

26. 

T 

27, 

F 

28. 

T 

29. 

T 

30. 

F 

31. 

T 

32. 

F 

33. 

T 

34. 

T 

35. 

T 

36. 

T 

37. 

T 

38. 

T 

39. 

F 

40. 

T 


(C) COMPLETION TEST TYPE : 

Complete the fallowing equations ; 

C t H,OH 

1. CH.CHBrCH.Cn, + KOH-► 

Heat 

? 

2. Br—CH,—CH t —Br ► C.H, 

3. CH 1 l-HCH,) 1 CHON* — 

OH- 

4 . CH|CH—CH,CH»Br -- 

5. CH i 40 l t .CH l .CHBr.CH i UCH > ) i CO;K-»- 
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KOH(alc) H*0, H+ Cu, 370K 

6. CH..CH, jCH.Br--*■ A-► B -- C 

KOH 

7. HCHO-► 

AC.O 

8. HOOC.(CH I ),COOH-» 

NaOH CN- (I) H.O C.H.OH 

9. Chloracelic acid-► A-—► B-► C-► D 


UO H+ 

[O] [O] C.H.OH 

10. C.H.OH —*- (A) —► (B)-► (C) 

H + 


H+ 


NH. P.O„ 
11. CH.COOC.H. -*■ (A)-* 


H.O 

(B)-► (C) 

H+ 

CaCO, heat NaHSO. 

12. CH.COOH--*• (A)-► (B)-► (Q 

[O] PO. CH.COONa 

13. CH.CHO-*■ (A)-► (B) -► C 

„ HCN NH, H.O 

14* CH.CHO-► A -+ B-► C 

KEY 

1. CH.CH~CH.CH. 

3. (CH a ) 1 CHOCH > 

5. CH.CH.CH~ CHCHg 

6. CH.CH-CH. (A) ; CH.CHOHCH, (B) ; CH.COCH, (C) 

7. CH.OH 4- HCOOK 

/CH.—CO. 

8. CH./ >> 

n ch.— co' 

9. CH.ClCOONa (A) ; CH.CNCOONa (B) ; 


2. KOH (ale) or NaNH, 
4. CH.CH-CH.CH.OH 


,COOH 

CHg^ (C) ; 


CH, 


/COOC.H, 

v COOH V OOOC 1 H. 

10. CH.CHO (A) i CH.COOH (B) ; CH.COOC.H, (C). 

11. CHgCONH, (A) ; CH.CbN (B) ; CH.COOH (C). 


12. (CH.COO). Ca(A) 


CH. 


X 


CO (B); 


CH*\ c / OH 

CH,/ V ‘SO,Na 


(D). 


(C)- 


CH./ 

13. CH.COOH (A) ; CH.COO (B) ; (CH.CO.O (C). 

y OH .NH. 

14. CH.CH' (A); CH.CH' (B) ; CH.CHNH..COOH (CV 

X CN X CN 

(D) MATCHING TEST TYPE : 

1. Match the reagents in List A with the name reactions In List B. 


A 

(1) Metallic sodium 

(2) Magnesium 

(3) Finely divided Ni 

(4) l.+NaOH 

(5) RONa 

TOC—H-2‘83-45 


(B) 

(0 Sabatier and Senderens reactioi 
(if) Williamson's synthesis 
(WO Stephen's reaction. 

(Iv) Roscnrmmd's reaction. 

(r) Clemmcosen reaction. 
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(tf) Pd/BaSO. 

(7) SnCl,4HC1 
($) Ze/Hg+cone HC1 
P) HCHO+NaOH 
Phenol 4 cone H.SO. 

(11) Br,-f KOH 

(12) P.4 Dr, 

X (13) AKoryu 


2. Match the compounds in 
given in list B. 


(yf) Iodoform reaction. 

(rlt) Liebermann nitroso reaction. 
(iW) Cannimro reaction. 

( 6 c) Wurtz Synthesis. 
fjc> Tischenko reaction. 

(xl) Meerwein Ponndorf reaction. 

(xii) Kolbe’s electrolytic reaction. 

(xiii) Atdol condensation. 

(x/v) HVZ reaction. 

(xv) Preparation ofGrignard reagent. 
(xvf) Hofmann degradation. 

A with their methods o/ preparation 


A 


B 


(1) Ethane 
(2) Cyclopen tanone 

(3) Propylene 

(4) Lewisite 

(5) PVC 

(6) Decron 

(7) Chloropicrin 
(g) Westron 

(9) Allyl alcohol 
(10) Acrolein 
iW Ether 

(12) Aldehyde 

(13) Biuret 

(14) Maleic anhydride 

(15) Mesitylcne 

(16) RNH, 


(f) Addition polymerisation ofc Vinyl 
chloride. 

(AS) By catalytic combination of acety¬ 
lene and chlorine. 

(Hi) Nitration of chloroform. 

(fr) Condensation polymerisation of 
methyl terephthalaie and glycol. 

\ (r) By Wurtz synthesis from methyl 
chloride. 

(rf) Heating glycerol with oxalic add 
at 530K. 

(v/0 Heating glycerol with cone. H.SO, 
(viii) Acetone 4 cone. H t SO*. 

(u) Rosenmund’s reaction. 

(x) By heating urea. 

(xi) RCONH.4Br.4KOH 

( xii) Heating 2-propanol with cone. . 
H^O ( . 

(xfH) Healing calcium adipate. 

(xfr) Williamson’s synthesis. 

(xv) Acetylene 4 AjCI,. 

(xvi) Heating malic acid. 




KEY 

* 


*. (!>—<«*) 

(2)-C«) 

(3) — (0 

(4)-(W) 

(S)-(«) 

(6)— (ft-) 

(7)—(11/) 

(8)—(») 

(9)-(vM0 

(lOMrW) 

(11)— (xvf) 

(12)—(xfr) 

(13)-(x). 



2. (D-W 

(2)—(ritf) 

0)—(*«) 

(4)-(*r) 

15)—(0 

(«)-<fr) 

(7)— (IU) 

(8)—(#0 

(9>- (»0 - 

(10)—(W/) 

01)—(*#»-) 

(12)—(/x) 

03) (*> 

(14)—(wf)' 

(IJ)-(rtfO 
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(I) SUUeUm 1M Typ* ; 

Choose the correct alternative (s) out of the suggested ones as 
m the following questions : 

CH, 

1. (0 CH,—Cl is 

d:H, 

(a) 1‘-butyl chloride 

(c) 2°-butyl chloride 

(if) A strong solution of alto! olic alka i will precferntially pro note io «o 
alkyl halide 

( 0 ) Substitution (b) Elimination 

(c) Addition (d) Jon real ion 

(in) If tuo hah gen alon s are attached to the same carbon atom of as 
alkane, it is termed as 

(q) alky tene halide (b) alkylidcne halide 

(r) alkyl halide (d) 2-haloalkane] 

{tv) An example of an electrophilic reagent ia 1 


(b) isobotyl chloride 
(d) 3‘-butyl chloride 


(a) NO, 


(b) OH" (c) HgO 


(d) -CH, 

(OsmarUa B w Sc. 1930) 


1 (i) Secondary alcohol on oxidation gives : 


(а) ketone with less number of carbon atoms 

(б) aldehyde 

(c) ketone with same number of carbon atoms 

(h) The reaction rroduct obtained when ethanol is passed over tea led 

i 1,0 „ is : 

(a) Ethylene i b, Acetylene (c) Ethane 

(Madras B&. 1900 > 


KEY 

(W) -(b) (Hi) -(b) (if) -{a) 
(U) -'*) 


1 - (0 -id) 
2. (i) -(c) 
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"...The magnificent dyes colouring our garments 
and furnishings are derived from unsightly coal-tar 
[and]....sweet-tasting saccharin is prepared from the 
same material. The point is that chemical transfor¬ 
mations are so thorough that the end product retains 
nothing at all of the properties of the original substance.. 
The manufacture of caffeine from uric acid is, therefore, 
nothing worse than the processes which occur when 
manure used to nourish plants is converted into appetiz¬ 
ing fruits or into wonderfully scented flowers." 

Emil Fischer ( 1902 ) 
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Introduction to Aromatic Compounds 


1. Aromatic Compounds. —A large number of organic com¬ 
pounds obtained from natural sources, e.g., resins and balsams, and 
having a pleasant odour are termed aromatic (Greek : aroma=* 
fragrant smell). These contain higher percentage of carbon than 
thf* corresponding aliphatic compounds and contain at least six 
carbon atoms. The term 'aromatic * is now reserved for benzene, or 
compound* which resemble benzene in chemical behaviour . These arc 
closed chain or cyclic compounds. Their properties are, however, 
totally different from those of alicyclic compounds which resemble 
aliphatic compounds. Derivatives of benzenes are also termed benzA* 
noi d com pan ruU . 

Reasons for the Separate Glassification of Aromatic 
Compounds, (i) Aromatic compounds are ring or closed-chain 
compounds whereas the aliphatic compounds have open-chain for¬ 
mulae. The ring structure confers on the aromatic compounds 
extreme stability in spite of their unsaUirated nature. 

(it) They give nitro-derivatives when heated with concentrated 
nitric acid. In the case of aliphalic coinpounds the nitro-derivatives 
arc not formed easily. 

(m) When heated with concentrated or fuming sulphuric acid, 
aromatic compounds undergo ‘sulphonation’ not common with 
aliphatic unsaturated compounds. 

(iv) Aromatic amino-compounds are less basic than aliphatic 
amines. 

(w) Hydroxy derivatives of aromatic compounds are acidic in 
nature whereas those of the corresponding aliphatic compounds are 
neutral towards litmus. 

(vi) Aromatic halogen compounds are chemically much less 
active than the aliphatic compounds. 

(vii) Aromatic compounds contain larger percentage of carbon 
than the aliphatic compounds. 

(win) A number of reactions given by aromatic compounds, e.p., 
Friedel-Crafts reaction, Perkin’s reaction and diazo reaction are 
not common in aliphatic compounds. 

(ia;) Aromatic hydrocarbons have a tendenry to undergo ionic 
substitution. Aliphatic hydrocarbons, as we have seen, undergo 
chiefly addition at multiple bonds and free radical substitution at 
other points along the chain. 
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Undue weigh! should not, however, be attached to che dii- 
tiaction between aliphatic and aromatic compounds. For example, 
the similarities between aliphatic and aromatic amines or between 
aliphatic and aromatic acids are more important than the 
differences. 

3. Nomenclature of Aromatic Compounds,— The names 

of homologous series and their particular members which we come 
across in the study of aromatic compounds are given below : 

(») Hydrocarbons. General Formula : C n H,-,. 

Members : Benzene, C e H, is the first membei. Here the six 
carbon atoms, each carrying one hydrogen atom, lie at the six comers 
of a regular hexagon and are joined to each other by alternate 
double and single bonds. Each one of the following formulae 
represents benzene : 


CH 



(0 («) 

In formula (») the various carbon and hydrogen atoms are 
understood to be present. 

Benzene is considered to be a resonance hybrid of the following 
structures : 



(0 (#0 (fit) (iy) ( v ) 

Thus each single bond has some double bond character and 
all the six C—C bonds are equivalent. For convenience the hybrid 
acirde* 5 ° f bcnzenr is represented by a regular hexagon containing 



means a hybrid of structures (») to («/). 

Toluene or methylbenzene, C 8 H 5 .CH S or C 7 H 8 and Xylene nr 
dimethylbenzene, or C 8 H 10 are homologues of benzene. 

Structural representation of aromatic compounds. As 

recommended by the Chemical Society, benzenoid compounds 
should in general be represented by Kekule type structure. Large 
circles representing six delocalised it electrons in cyclic systems may 
however, be used for certain types of compounds. The circles may 

be with or without positive or negative signs as required. Cyclic 
systems having less or more than six delocalised rt-electrons may be 
represented by circles with broken lines. y 
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Isomerism of Benzene Derivatives* Xylene shows position 
isomerism and the isomers are called ortAo, meta or para according 
as the two methyl groups occupy adjacent, alternate or diagonal 
positions respectively in the benzene nucleus (benzene ring of six 
carbon atoms). Abbreviations o-, m-, and p- are used for ortho, meta 
and para, respectively. 

These are also named as dimethyl derivatives of benzene. The 
relative positions of the methyl groups are indicated by numbering 
the carbon atom as given below : 



Methyl- 
benzene 
or Toluene 


CH, 


5 Si 


1,2-dimethyl- 
benzene 
or p-Xylene 



1,3-dimethyl- 
benzene 
or m-Xylcne 


CH, 



benzene 
or /7-Xylene 


The tri-substitution products of benzene are termed adjacent 
or 1, 2, 3, unsymmetrical or 1, 2, 4 and symmetrical or 1, 3, 5 
depending upon their relative positions as given below : 

XX X 



X 


Adjacent Unsymmetrical Symmetrical 

or 1, 2, 3 or 1, 2, 4 orl, 3, 5 

Nucleus and the side-chain. The six carbon atoms of the 
benzene ring constitute what is known as nucleus. Characteristic 
properties of the aromatic compounds arc the properties of this 
nucleus. 


An alkyl group or any other group containing one or more 
carbon atoms, when attached to the nucleus, is termed as the side- 
chain. Two methyl groups in xylene constitute two side-chain* 
attached to the benzene nucleus. The side chain is aliphatic in 
character and gives reactions characteristic of aliphatic compounds. 

Functional groups attached to the nucleus but not containing 
any carbon atom, e.g. y NH„ NO„ OH and Cl are not regarded u 
side-chains. 

(n) Aryl Groups. When the aromatic hydrocarbons lose 
one, two or three hydrogen atoms, the mono-, di-, or trivalent residues 
left behind are called aryl groups and are represented by the symbol 
At (c/. alkyl groups represented by R, on the aliphatic side). 

Members : 


C,H b - ; C,H 5 CH a — ; C 8 H 6 CH< ; 
Phenyl Phenylmethyl Phenyimethylene 
(Monovalent ) or Benzyl or Beuzylidene 
{Monovalent) ( Divalent) 


C,H,c{ 
Phenyl- > 
methylidyne 
or Benzylidyno 
( Trivalent) 


C|H,< 

Phenylene 

{Divalent) 
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Phenyl is represented by abbreviation Ph or 

Isomeric with phenylmethyl or benzyl group, C 9 H ft CH t —(with 
one valency free m the side-chain) is the methylphenyl or tolyl 
radical, CH a .C fl H 4 —(with one valency free in the nucleus). 

HOMOLOGOUS SERIES NAMED AFTER THE HYDROCARBONS 
OR ARYL GROUPS 

(*•») Halogen Derivatives. These are obtained by the replace¬ 
ment of one or more hydrogen atoms of the h> drocarbon by halogen 
atoms. The halogen atom may Le present in the nucleus or in tbe 
side-chain. Aryl halides show position isomerism as usual. 

Members : 


C s H 6 C1 ; C # H 4 C1 2 ; 

Chlorobenzene o-, fn-, -and p- 

or Phenyl chlonde dichlorobenzene 



a-, m-, &p- Orlho- Mcta- 

Oilnrotoluenes {huchar Substitution Products) 

or Tolyl chloride 


CiHsCHjCl CjHjCHCI, C,H 6 CC1 3 

Benzyl Benzyhdene Benzyhdyne 

chlonde chlonde chlondc 

{Side-chain substitution products ) 


CjH 3 Cl a 

Tnchloro- 

benzene 



Cl 


Para- 

G.H.Cl, 

Benzene 

hexachlonde 

(Addition cpd ) 


(iv) Snlphonic acids. These are obtained by the replacement 
ot one or more hydrogen atoms of the nucleus by sulphonic gioupi 
(—SOfl.OH). 


Members * 


SO..OH 



SO a .OH 

j^JjSO,.OH 


SO a .OH 



SO..OH 


SO,.OH 



Benzene- 
fuiphomc acid 


o-Bt*nzenc- 
disulphomc acid 


m-Benzene- 
disulphomc acid 


SO a .OH 

p-Benzene- 
disulphomc acid 



v , SO s .OH 

^-Toluene- m-Toltiene- p-Toluene- 

iulphomc acid sulphonic acid sulphonic acid 




CH, 

SO.OH 


0 -, m- <& p-Toluene- 
sulphonic acids 


(v) Mtro-derivatives. Aromatic nitro-compounds arc obtain¬ 
ed by replacement of one or more hydrogen atoms of the nucleus by 
a nitro srroup (—NO,), 
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Member* : 

C.H.NO, 

Nitrobenzene 


/NO, 

c.h/ 

x NO, 
o-, m- <£ p- 
dinitro benzene 


CH f 


C ' H ‘<no. 

o-, m- 4k p- 
nitrotoluenes 



If more than two substituents are present in the nucleus, their 
positions are indicated bv numbers. For example, 

GH, CH, 

r^hNO, 


o.n/'^no, 


, 3 

\*/ 

NO, 

2,4,6-trinitrotoluene 



NO, 

2,4-dinitro toluene 


(t>i) Aromatic amines. Aromatic amines are of two types, one 
in which the amino group is attached directly to the nucleus and the 
other in which the amino group is in the side-chain. The latter 
behave very much like the aliphatic amines, and so may be regarded 
as aryl substituted aliphatic amines. 

Nuclear amino compounds may be primary amines, ArNH BB 
secondary amines, Ar 2 NH or tertiary amines, Ar,N. 


Particular Members : 



Pbenylamine, 
or benzeneanune 
or aniline 



2-Methyl- 
benzeneamine 
or o-toluidine 


NH. NH. 



3-Methyl- 4-Methylbenzene- 
benzeneamine amine 

or m-toluidine or p-toluidine 


{Primary amino-compounds ,— NH % attached to the nucleus ) 

NH.CH, N(cay, CH,NH| 

0 0 0 
AT-Methylaniline M^-Dimethylaniline Benzylamine 
{Secondary) ( Tertiary ) {Side-chain amino compound ) 

(Nuclear amino compounds) 

(vii) Diazo compounds (Di=too ; no = nitrogen)* The diazo 
compounds contain the characteristic group, —N®N—. 
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OH*—N-N-CJ 

Benzeadmzonium 

chloride 

C i H 1 .N~N.HS0 4 

Benzenediazoniuxn 
sulphate 


CsHs-N-N—OH 
Benxenedi&zon ium 
hydroxide 

p.CH 8 G i H 4 N«N.HS0 4 , 

p-Toluenediazonium 
sulphate 


(vm) Phenols* and Aromatic alcohols. Nuclear hydroxy 
derivatives of hydrocarbons are called phenols whereas an —OH 
group when present in the side-chain gives an aromatic alcohol, t.p., 
bemsfl alcohol , C 4 H 4 CH,OH. 

OH OH OH OH CH.OH 

^(Tr fTiLiTfl 



Phenol 2-MeiIiylphenol 3-MetSylphcno 1 CH B Benzyl 

ox Benzenol or 2-Methyl- or 3-Methyl- 4-Methylphenol alcohol 
benzenol benzenol or 4-Methyl- or phenyl- 

benzenol methanol 

(Common names : t?-, m- or p-creaols) 

Three dihydric phenols, m-, and p-dihydroxybenzenes, are : 
OH OH OH 

r Qu O 

OH 

1, 2-Bcnzencdiol 1, 3-Benzcnediol 1, 4-Benzencdiol 

not catechol noi resorcinol nor quinol 

Three trihydroxybenzenes or trihydric phenols are : 

OH OH OH 




OH 

'OH 


HO 1 



'OH 



OH 


OH 

1, 2, 3-Benzenetriol 1,3,5-Benzenetriol 1, 2, 4-Benzenetriol 

not pyrogallol not phloroglucinol not hydroxyquinol 

(ix) Aromatic Ketones. The characteristic group of aromatic 
ketones is E>C=0 and these are named after the aryl or alkyl groups 
attached (e/., aliphatic ketones). 

CH 3V C.H,. 

Members : J>C=0 ; J>G=0 

G e H/ C 4 H/ 

Acetophenone or Diphenyl ketone or 

Methyl phenyl ketone Benzophenone 

(<r) Aromatic acids. Just like aliphatic acids the aromatic acids 
contain one or more characteristic —CO OH groups attached to the 
benzene nucleus or side-chain. 

yCOOH /OH 

C B H 4 <( C a H 4 <( 

Nsooh x cooh 

A p- 

benzene- hydroxy- 

dicarboxylic acids benzoic acids 


•< 


COOH 


Members : 

C^H,COOH C.H. 

Benzoic acid or 

Benzeoecaiboxylic c~, m-, & p- 

Mid toluic acids or 

2, 3, A 4-Methyl 


CH, 


benzoic acids 


^Tbs common names cresol, catechol, resorcinol, quinol, pyrogallol, 
phlm ogsuctnol and hydroxyquinol are not recommended in IUPAC system and 
should not be used. 




NOMENCLATURE 


2445 


HOMOLOGOUS SERIES NAMED AFTER THE ACIDS 

(art) Aromatic Aldehydes. The characteristic group of alde¬ 
hydes is —CHO and these are named after the acid which they 
give on oxidation (e/., aliphatic aldehydes). 


M ember § 


c„h 5 ch=o - 

Benzaldehyde or 
Ben zen e-carbal dehy d e 


o 


CHO 
OH ' 


SalicyUldehyde 

(o-hydroxybenzaldehyde) 


-► C 6 H B COOH 

Benzoic acid or 
Benzenecarboxylic acid 

0 COOH 
OH 

Salicylic acid 
(o-hydroxybenzoic acid) 


(arit) Acid chlorides (Aroyl chlorides), amides and anhy¬ 
drides. The acid derivatives are similar to those given on the 
aliphatic side. 

Members : 


Parent acid Acid derivatives 

C,H b COOH C„H 6 COCl : C a H B CONH a 

Benzoic acid Benzoyl chloride Benzamidc or 

Benzene- 

carboxamide 


C 6 H 6 CO v 

>°; 

c,H t co/ 

Benzoic anhydride 


/ 


COOH 


C.H t < 

x COOH 
Phthalic acid 




COCl 


,co 


C 0 H^ ; 

x COCl 
Phthalyl chloride 
or Phthaloyl chloride 

Points to Remember about Nomenclature of Benzene 
Derivatives 


c.h/ 

X 

Phthalic anhydride 


> 

go/ 


(1) Some aromatic compounds are named as substituted ben¬ 
zenes, e.p., chlorobenzene, bromobenzene, nitrobenzene, etc. In 
these benzene is the base name and the substituent is indicated 
by a prefix. 


(2) In some other compounds the substituent along with the 
benzene ring are given a new base name. For example, methyl- 
benzene (C B H B CH a ) is called toluene. Similarly, hydroxy- 
benzene (C a H 5 OH) is termed phenol and aminobenzene (C*H B NH 3 } 
is known as aniline. Som^ other names of this kind arc : 


CeHgCOOH C a H B S0 3 H C e H B COCH B 

Benzoic acid Benzonesulphonic acid Acetophenone 

(3) When two substituents are present in the ring, their rela¬ 
tive positions arc indicated, by use of the prefixes ortho, meta and 

para. 

(4) If more than two substituents are present in the benzene 
ring, their relative positions are indicated by the use of numbers. 
Carbon atoms of the benzene ring are so numbered as to give the lowest 
possible numbers to tfte substituents. For example, 
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1,3,5-Trinitro- 1,2,4-Trichloro benzene 2,4-Dibronno- 

benzene (not J,3,4-Trichlorobenzene) ]-nitrobenzene 

Substituents are usually listed in alphabetical order as in the last 
example given above. 

(5) In the case of a substituent, X which when taken together 
with benzene ring has a separate base name, carbon atom bearing 
X is numbered 1- and the compound named accordingly. For 
example, 



2,4.6-Tnbromo- 3,4-Dichloro- 3,5-Dinitro- 

amhne phenol benzoic acid 

(G) In C 8 H 5 —R, if R contains more carbon atoms, it is named 
as phenyl substituted alkane. For example, 

CH 3 —GH—CH*— CH 3 is 2-Phcnylbu tanc. 

I 

C,H 5 

4. Orientation. —The process of finding the relative positions 
of various groups attached to the nucleus in an unlmoum derivative is 
termed Orientation. For example, if we are given a sample of xylene, 
then to find out whether it is ortho, meta- or para-xylene, is orienta¬ 
tion. Three methods generally employed for the purpose arc : 

(1) Korner’s Absolute Method. When a di-substituted sub¬ 
stance is converted into a tri-substitutecl product then ortho-deriva¬ 
tive gives two, the meta-derivative gives three while the para-deri¬ 
vative gives only one tri-subs* itution product as given below : 

X XX 



X 

Ortho 1, 2, 3 I, 2,4 

(Two tri-derivatives ) 



Meta 1,2,3 1,2, 4 1,3*$ 

(Three tri-derivatives) 
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X 

/, 2,4 
(One tr^derivative) 

Hence for orientation : 

(») Convert the, di-suh*tilu&c.d svbalance Y into a tri-aubstitution 
product and analyse the pro,lact Z obtained. 

(n) If Z m a single substance, Y is a jtara-dt rivative ; if Z is a 
mixture of two substance *, Y is an ortho-derivative while if Z is a mixture 
of three substances, Y is a meta-derivative. 

Similarly, when a tii-substituted substance is converted into a 
tetra-substitution product, the numbrr of derivatives obtained are : 



7. 2, 3 
{Adjacent) 



7, 3. 5 
{Symmetric) 
X 



/, 2, 3, 5 

(Only one tctra-dcrivotivei 

X X 


and 


(Three terra-derivatives) 



X 

A 2 ; 4 

{Unsymmetric) 

Hence for orientation : 

(1) Convert the tri-derivative Y into a teira-derivative and analyse 
the product Z obtained. 

(ii) If Z is a single substance , Y is the 1,3,5 (symmetric) deri¬ 
vative ; if Z is a mixture of two substances, Y is 1, 2, 3 ( adjacent) 
derivative and when Z is a mixture of three substances , Y is 1,2, 4 
(unsymmetric) derivative . 

In practice Korner’s method of orientation is often difficult, if 
not impossible, since all the products cannot always be isolated due 
to the fact that some are formed in very small amounts. 

(2) The Relative Method. In this method the relative posi¬ 
tion of the substituents in an unknown compound is determined in¬ 
directly by studying its properties. Alternatively, the compound 
under examination is converted into or synthesised from another 
compound of previously known orientation. For example : 
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(a) By studying its reactions. Three bcnzcnedic&rboxylic acid# 
are known. These are phthalic acid, isophthaiic acid and tere- 
phthalic acid. Out of these the first gives an anhydride on heating. 
This must obviously be the ortho-isomer in which the two carboxyl 
groups, being in close proximity, eliminate a molecule of water. 


r^NGOOH 

Phthalic acid 



Phthalic anhydride 


(&) By synthesising it from another compound of previously known 
orientation. Three isomeric xylenes are known. Out of these the one 
with a boiling point 412K, can be obtained from mesitylene as follows : 
Partial Heat with 

Mesitylene-► Mesitylenic acid -►Xylene (b.p.=*412K) 

oxidation soda lime 


Since three methyl groups in mesitylene are in meta position 
to one another, removal of one of them must have left the remaining 
two in meta position. Thus xylene boiling at 412K is m-xylene, 

CH* CH a GH, 

C jj jm f^\\ — lim > f^t] 

UcH, ‘'HOOcl^JJcH, heat 

Mesitylene Mesitylenic acid m-Xylene 

(c) By converting it into another compound of previously known 
orientation . One of the xylenes, which boils at 417K, gives on oxi¬ 
dation phthalic acid which yields phthalic anhydride on heating. 
Obviously in phthalic acid the two —COOH groups are in ortho 
position. The two —CH 3 groups in this xylene must, therefore, be 
present in ortho position. 

Thus out of the three unknown xylenes the one (b.p. 412K) is 
meta, the second (b.p. 417K) is ortho and the third (b.p. 41 IK), 
therefore, is para. 

This method is based on the assumption that atoms or groups 
remain in the same position or exchange position with the in-coming 
groups. Sometimes, however, this assumption is not correct in 
practice. 

(3) Dipole Measurements Method. In certain cases where 
the two substituents are either atoms or simple groups, measurement 
of dipole moment of the compound helps in the orientation. For 
example, the observed dipole moment of G—Cl bond (in chloro¬ 
benzene) is 1*55D. By using this value we can calculate* the dipole 

• Making use of the law of || m of forces, R B -*P , +Q i +2FQ cos d, we 
get for ortho derivative 

R»«l-55*+t’55«+2xl*55xl’55 ^ 60(«.i)«l i 55 a (l+l+2x|)-l-55 > X3 

whence R«1'55x v/3«2’68 

For meta deriv., 120° 

/.R'-lW+l^+Jx 155x155 ooa 120(—~|)~r55*(l+l-l)-l 53* 
whence R *1*55. 
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momenta of three dichlorobenzenes (o-, m-, and p-). By comparing 
the calculated values with the observed ones, we can decide the 
orientation of the given dichlorobenzene. 



Dipole moment: 

Ortho - A feta- Perm- 

Calculated : 2'68D 1’5JD 0 

Observed: 2'30D 1‘48D 0 

5. Substitution in the Benzene Ring. —When one group X 
is introduced into the benzene nucleus, only one product is obtained. 
When, however, a second group, Y is introduced, three isomeric di- 
substitution products are possible. 


X XXX 



Ortho- Meta- Para - 


Experiments have shown that the main product is either m 
mixture of u- and p-isomers (m-isomer being comparatively in 
smaller quantity) or it is m-isomer (o- and p-isomers being compara¬ 
tively in smaller quantity). Also the rote of o-and p-substitution is 
eery much greater than that of m-substitution, e.g. t bromination of 
phenol to j-tiibromophcnol is extremely rapid but that of nitro¬ 
benzene is slow. 

6. Directive Influence of Groups. —Experience has shown 
that the nature of group X already present in the nucleus determines 
the position taken by the in-coming group. 

Various groups have been sub-divided into two distinct classes : 

Class I—Those which direct the in-coming group to the ortho and 
para position. Different o- and p-directing groups are : R, OH, SH, 
OR, NH* NHR, NR 15 NHCOCH a , Cl, Br, I, CH.C1, C*H 5 , etc. 

Class II—Those which direct the in-coming group to the m-position . 
Different m-directing groups are : NO* GHO, COOH, COOR, 
COCH* SO a H, S0 2 C1, CN, CGI* etc. 

Considerable work has been done in determining the preferential 
orienting effect of groups. Percentages of ortho-, meta* and para- 
substitution products obtained on mononitration of various mono- 
substituted benzenes are given in the table on the next page. 
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Substituent 

% Ortho 

% M eta 

% Pw« 

—OH 

40 

_ 

60 

—F 

12 

0-5 

87 

—a 

296 

09 

69*5 

—Br 

36*5 

1*2 

62-3 

—I 

37-9 

21 

60 

—CH, 

58'5 

4’4 

37*1 

—CH, CH, 

43 

6*5 

48*5 

-CH(CH,), 

30 

7*7 

62*3 

-C(CH,), 

15*8 

115 

72*7 

—CH B COOEt, 

42 

106 

47 4 

—CH.Cl 

32 

153 

52*5 

—CHC1. 

23 3 

33*8 

42*9 

-CC1, 

6*8 

64*5 

28 7 

—COOEt 

24 

72 

4 

—COOH 

18*5 

80*2 

1 1*3 

—CN 

17 

HI 

| (2) 

- CH.tffCH,), 

2 

88 

10 

—NO* 

6*4 

93*3 

0*3 

—N (CH,), 

— 

100 



It can be seen from above that very frw groups lead to all 
ortho- and para- substitution or all mefiz-substitution. A substituent 
which gives 40% or more meta*isomer is classified as m-directing 

group. 

In addition to the nature of the group already picsent in the 
nucleus which determines orientation some other factors also play 
some part. For example, spatial size of the entering group as illustra¬ 
ted by the orientation for monoalkylation of toluene is given in the 
table below : 


Entering Group 

% ^-substitution 

% ^-substitution 

% ^-substitution 

—CH* 

53 8 

17*3 

28'8 

—CH..CH, 

45 

30 

25 

—CH(CH,), 

37*5 

29*8 

32*7 

—C(CH.), 

0 

7 

93 


It is seen that as the size of the entering group increases , the 
amount of ortho-isomer obtained decreases. This is due to the spatial 
barrier preventing the reagent from approaching the substituent of 
priAo-substitution, 

A similar steric effect is noticed when the size of the alky) 
group already present in the ring increases, As illustrated by mono- 
nitration of alkylbenzenes, the amount of ortho-isomer obtained de¬ 
creases as the size of alkyl group increases. 
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Compound 

isomer 

Xm-Uomer 

y o p'isomer 

C|H |CH b 

58'5 

4’4 

371 

C.H.C.H, 

45 

6*5 

485 

C,H,CH(CH|), 

30 

7’7 

52‘3 

C.H,C(CH|), 

15 8 

11*5 

72*7 


Even the nature of the attacking reagent affects the orientation 
observed. For examplr, m -isomer obtained on halogenation of toluene 
is less than 5%, on nitration it is 4%, while on alkylation it is up to> 
30%. 

In spite of these second-order effects the nature of the group 
already present in the nucleus determines the position taken by the 
in-coming group. 

7. Introduction of a Third Group into the Benzene Ring. 

—The position occupied by a third group entering the benzene ring 
is determined by the nature of the two groups already present there. 

(*) When both the groups belong to class I, the directive influ - 
ence of rach group is in the following order : 

0->NR a >NH 2 >0H>0Me, NHCOCH a >CH a >X 


Out of ortho- and para-positions the new group enters ^-position 
preferably, i.fi., more of p-isomer is formed than the o-isomer. For 
example, in o-chlorotoluene —CH a is more powerful than —Cl and 
the third group enters a position para to CH a (indicated by arrow). In 
p-toluidine, —NH a is more powerful than — CHj, the new entrant is 
directed in o-position (indicated by arrow) to —NH g , the p*position« 
being blocked. 

CH a CH a 



(«) When both the groups belong to class II, the third group- 
is introduced only with difficulty. The directive influence of each- 
group is in the following order : 


Me a N+>NO a >CN>SO a H>CHO>COMe>COOH 


NO, 


For example, in m-dinitrobenzene the third 
group comes in the position which is meta to both. 




(Hi) When the two groups exert different directive influences the 
group belonging to class I takes precedence. In case the influences 
of two groups reinforce each other, the third group enters almost 
entirely in one position. For example, in p-nitrotoluene the third 
group enters almost entirely in a position or(ho to CH* and meta to 
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NO, group. In the case of o-nitrochlorobcnzene two iaomeric tri-sub* 
ititution products are obtained. In one case new group enters in the 
position meta to NO, and para to Cl. This position is preferred. 
In the other case new group enters the position meta to NO, and ortho 
to Cl. This product is smaller in quantity. 



Only one product Larger quantity 

(Two isomers) 


(Position occupied by newly-entering group is indicated by arrowhead.) 

8. Separation of Isomers.—We have seen that a mixture 
of ortho and para isomers is always obtained from which the indi¬ 
vidual isomeis have to be separated. Three methods commonly used 
for the purpose are : 

(t) Steam distillation. OrfAo-isomer is sometimes steam-volatile 
and para- is not. The two can thus be easily separated by steam 
distillation. 

(si) By freezing. The boiling points being very close to each 
other, the isomers cannot be separated by fractional distillation. Their 
melting points aie, however, usually different. Melting point 
of p-isomer being much higher than that of o-isomer, the mixture is 
cooled, if necessary, to get the p-isomer in the solid form and sepa¬ 
rated by filtration. 

(♦it) Chemical methods . In certain cases the isomers are separat¬ 
ed by chemical methods. 

9. Effect of Substituents : Reactivity and Orientation.— 

A group is classified as activating if the ring it is attached to is 
more reactive than benzene, and is classified as deactivating if the 
ring it is attached to is less reactive than benzene. The reactivities of 
benzene and a substituted benzene are compared in one of the 
following ways : 

(i) By comparing times required for reaction to occur undet 
identical conditions. Times required for sulphonation of toluene and 
benzene with fuming sulphuric and are in the ratio 1:10. Toluene 
is, therefore, more reactive than benzene and —CH, is an activating 

group. 

(it) From the severity of conditions required for the comparable 
reactions . Benzene is nitrated in less than an hour at 330K when 
treated with cone* H^0 4 +conc. HNO, mixture. Nitrobenzene gives 
dinitrobenzene only when treated with fuming nitric acid and cone. 
HgSOj mixture at 360K, Nitrobenzene is evidently less reactive than 
benzene and — NO, group is a deactivating group. 

(tit) By carrying competitive reactions under identical reaction 
conditions. Equimolar amounts of benzene and toluene are treated 
with small amount of cone. HNO a in nitromethane (a solvent which 
dissolves both reactants). The products nitrotoluene and nitrobenzene 
are formed in the ratio 25 : 1. This shows that toluene is 25 times 
snore reactive than benzene and —CH, is mm activa ting group. 
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On the other hand* nitration of a mixture of equimolai 
amounts of benzene and chlorobenzene with small quantity of cone. 
HNOj yields a product in which nitrobenzene and nitrochlorobenzene 
are in the ratio 30 : 1. This shows that benzene is 30 times mure 
reactive than chlorobenzene and —Cl is a deactivating group. 

It will be interesting to note that all these activating groups are 
ele^ron-rtleasing groups (t.e., act as electron source) and are o- and p- 
directors whereas the deactivating group3 are ehetron-unthdrawing 
groups ({.«., act as electron sink) and arc m-directors, Hence in 
go ik ml we ran remember — Electron-releasing groups are ortho- 
tuid para-directors whereas Electron-withdrawing groups are 
m etadir ectors. 

Nearly all groups fall into one or the othc: oT the two classes : 
(i) ALtivating \nd o- and />-dirrcting, and (/I) deactivating and 
r*?- directing. The halogen* ar*=* a class by themselves being deactivat¬ 
ing ,uid u- and />-rIirrctiiig. 

Knovvinv thr class to which a group belongs, wc can predict 
l.Uii\ .li (Mrarelv the course of the aromatic substitution. For 
exAiirdi*, brmmnuion oT nitrobenzene will b'* slower than brorai- 
uation or benzene waereds nitration of acetauiJi le will be more rapid 
than niTiatinn of benzene. 

fable 341—Common Aromatic Substituents in the approximate order of 
decreasing electron-release (increasing electron-withdrawal) 

type tit Substituents Substituent Effect 

f -o 
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10. Mechanism of Aromatic Substitution. —There are 
three possible mechanisms for aromatic substitution : (t) Electro* 
philic, (h) Nucleophilic, and (m) Free radical mechanism. Common 
substitution reactions, however, involve electrophilic reagents. We 
■hall discuss briefly electrophilic mechanisms. 

(A) Electrophilic substitution. Electrophilic aromatic subs* 
tiuitif n is believed to proceed by a bimolecular (Se 2) mechanism 
involving the formation of an intermediate* (e complex) which is a 
rate determining step. This can be summarized for the reagent YZ 
as follows: 


]| Y* .ATTACHES 

L || TWTmHBGArrdt 
CEHTH£(SlOW*} 



9 Complex (a resonance hybrid) 


Y++ 


0i ec.Tfi 


ECTROMtmC 

CFEFCT 


Y* 


+ 

FiCCTRO- 

PHHJC 

REAGENT 




Note. As Ibe electrophile approaches ihe benzene ring, an clectromenc 
effect takes place with the result that one carbon atom of the benzene ring gets 
positively charged and the other gets negatively charged. The electrophile 
at laches to the negative centre resulting in the formation of a carbocation 
(an arenfum io*)>. The polarisation of this double bond of benzene and the 
eleurophilic attack arc simultaneous and there is no time-lag between the two 
prcccsses. The two steps given above are only there to clarify the idea. 


Two essential steps involved in electrophilic substitution are : 
(1) Attack by the electrophilic reagent Y+ upon the ring to 


form a carbocation. 



$ /H 

C,H,+Y+ —* C 8 H 5 < Slow 

X Y 


(2) Abstraction of a proton from the carbocation by some 
base ( : Z' here). 

0 H 

C,H S <^ + : Z--* C f II,Y + H : Z Fast 

In each case there is a preliminary acid-base reaction which 
generates the attacking panicle, Y 4 . The actual substitution, how¬ 
ever, is contained in these two steps. 


•Formation of the intermediate, being slow, is the rate«determiniog step. 
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Transition state : Carbocation 

devetoping positive charge or o complex : 

full positive charge 

The a complex is a true intermediate in various electrophilic 
substitution reactions. It is not a transition state. In a potential 
energy diagram the a complex lies in a valley situated between 
two transition states involved in the substitution reaction (Fig. 34 a l). 



Fig. 34-1— Potential energy diagram for an electrophilic aromatic 
substitution reaction, a complex lies in the valley between the 
two transition states (T.S.) 1 and 2. 

In the T.S. 1 the electrophile Y + has as yet only partially attached to 
the bonzene ring. 

In the T.S. 2 the bond between the carbon atom and the ' proton is 
only partially broken. 

The energy of activation for the formation of a complex from 
benzene and the electrophile Y + E ac t U) has been found to be 

much larger than the energy of activation (Enet (■> for the for- 

mat ion of substituted benzene from a complex. 

This is because formation of a complex is highly endothermic 
since in this change benzene ring loses its resonance energy. 

On the other hand, decomposition of a complex to give 
substituted benzene is by contrast highly exothermic because in this 
change the benzene ring regains its resonance energy. 

An evidence in support of this is the actual separation of 
a complex on treating mesitylene with fluoboric add, HBF 4 at low 
temperatures. Here the electrophile is a preton. 
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[ ] 


>v /, Mr 


HtAr 


HiC 





Mesitylene o complex 

a complex can be isolated as a bright yellow ionic solid which 
decomposes on heating to regenerate mesitylene. 

(B) Nucleophilic substitution. Replacement of hydrogen or 
any other substituent by a nucleophilic reagent is termed nucleophilic 
substitution . This replacement when facilitated by the presence of an 
electron-withdrawing group in the o- and/or the ^-position, is termed 
activated nucleophilic aromatic substitution. The substitution is mainly 
of two types—uni molecular (SnJ) and bimolecular (Sn2). 

Unimoleculaur substitution. This mechanism is most un¬ 
common in aromatic substitution. Decomposition of arenediazonium 
cations in aqueous solution to yield phenol or aryl halides (in pre¬ 
sence of nucleophilic halide ions) are only well-established example 
of unimolccular nucleophilic suustitutions. 

H.O 

C\ Slow Fast -► ArOH 

Ar—N a +-v N t +Ar+ - Phenol 

Arenediazonium I-► ArCl 

cation CJ~ Aryl chloride 

Bimolecular substitution. Nucleophilic aromatic substi¬ 
tutions are commonly bimolecular and proceed through a negative 
ion intermediate as shown below : 



Y' ATTACHES TO THE 
POSITIVELY 


CHAROElD C'ATOM (SLOW) 



Resonating structures of the benzenonium 
carbanion (or cyclohexadienyl anion) intermediate. 

Preparation of phenol by the action of 10% NaOH solution no 
chlorobenzene under pressure at 570K is a bimolecular nucleophilic 
substitution (S N 2) and may be represented as follows : 
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0/T-f- 



CL 



OH ATTACHE'S TO THE 

POSITIVELY CHAW,CD 
- ■ ■ » -— — 

C- ATOM (SLOW) 



anion intermediate. 


An example of activated nucleophilic substitution (bimolecular) 
is the conversion of o-chloronitrobcnzenc into o-nitrophcnol by heat¬ 
ing with aqueous sodium hydroxide at 470K as represented below : 



o-chloronitrobenzene Negative ion o-nitroplienol 

intermediate 


In o-chloronitrobcnzene, because of the electron-withdrawing 
effect of the niiro group, the carbon atom of the C—Cl group 
acquires a positive charge. IMegatively charged OH" attacks this 
positively charged carbon atom of the G—Cl group. 

11. Reactivity and Orientation. —We have seen that certain 
groups activate the berezene ring and direct substituents to ortho and 
para positions and tliat some others deactivate the ring and direct 
substituents to meta position. Let us account for these effects. 


Reactivity and orientation are both matters of relative rates of 
reaction. Methyl group is said to activate the ring because it makes 
thr ring react faster than benzene. It causes ortho , para orientation 
because it makes these positions react faster than raefa positions. 

There are two w ays of studying the effect of substituents in 
electrophilic substitution. One is based on charge distribution and 
the other is based on the stabilities of the intermediate carboca- 
tions (o-complexes). In both these approaches the effects given 
hold good for kinetically-controlled products and not necessarily 
for thermodynamically-controlled products, 

(1) Reactivity and Orientation based on charge distri¬ 
bution. The polar effect (I and/or R) of the substituent Y present 
in the benzene ring results in charge distribution. In o-p-$ubnti- 
twtiorw group Y causes these positions to become points of 
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Ugh electron density by inductive, electromeric and 
resonance (meeomeric) effects. Farther substitution by 
electrophilic groups occurs at these points. Overall electron 
density of the ring also increases and further substitution 
is facilitated. 

Groups OH, OR, NH,, etc., are all o- p-directing. In all 
these groups, the atom adjacent to the nucleus—the “icy atom”— 
has at least one lone pair of electrons. Resonance effect when Y «*OR 
is shown as follows : 

:0—R JO-8 :0-R -0-H =0-B 

0 

I II III IV V 

GgH B OR is a resonance hybrid of structure, I—V. 

The mesomeric effect results in electronic displacement away 
from group OR (+M effect). In addition to this +M effect, the 
electromeric (+E) effect will be brought into play as under : 


0 .. © ® 



It, therefore, follows that o- ^-substitution takes place by 
the ’combined mesomeric and electromeric effects. The combined 
effect is known as the conjugative effect or tautomeric effect (±T). 

In meta-substitution, group Y causes a withdrawal of elec¬ 
trons from o- and p-po sit ions effect). Thus re¬ 

position becomes a point of relatively high electron density 
and further substitution by electrophilic groups occurs 
here. Since overall electron density of the ring decreases, 
further substitution is difficult. 

Groups NO a , COOH, COR, SO a H, etc., are all m-directing. 

Resonance effect when Y=NO a is shown as follows : 



I II III IV V 
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C 0 H 6 NO, is a resonance hybrid of structures I—-V. Due to 
mesomeric effect there is withdrawal of electrons from the o- jp-pasi- 
tlons which results in deactivating the ring. Furthermore, since 
these in-directing groups contain at least one 
strongly electron-attracting atom, the indue- 
tive effect of this atom also helps to withdraw ** 

electrons from the o-and p-positJons as shown 
•n the right for nitroo’nzene. " ^ 


Here oxygen atom is strongly electron- 
attracting atom and causes inductive effect. 


Nitrobenzene. 


Thus in this case the mesomeric (—M), and' inductive (—I) 
effects all assist one another and the net result is (— M— I). 

Since an elec trop hile requires a -j- E_elcctrpmeric effect, this 
opposeTTHe ^IV Trffect. "However, the +E effect is very weakjor 
is absent. --- ~ 

Groups Cl, OH, NH a , etc., have a strong —I effect and hence 
tend to withdraw electrons from the ring to promote m-substitution. 
The ‘key atom' in these groups, however, has at least one lone' pair 
of electrons and hence both mesomcnc and electromeric effects 
are possible as shown below : 



Chlorobenzene is a resonance hybrid of the structures I to V. 
The mesomeric effect results in electronic displacement away from 
Cl (+M effect). In addition to +M effect the eJcctromeric effect 
(-J-E) w dl be brought into play as under : 



Thus for C 8 H 6 C1 we have +M, +E and —I effects, i.c., +T 
and — I effects. 

Thus electron attracting power (—I effect) of an atom alone cannot 
decide whether the substituent atom or group is o- and p-directing or 
m-directing . 

For example, OH and NH* have a strong —I effect which 
tend i to promote m-substitution. Since tlR mesomeric (+ R) effect 
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in their case is stronger than the —I effect, due to favourable 
overlap of 2 p-orbital of carbon and a 2 p-orbital of oxygen (see 
page 2'467), these groups become o p-orienting (with activation of 
the ring). 

Chlorine atom in chlorobenzene has —I and +R effect and 
— I effect is greater than the +R effect. The —I effect deactivates 
the ring while the +R effect is too small to be significant. How¬ 
ever, when the , K effect is brought intu play at the requirement 
of the attacking reagent, the electron dcnsiLv at the o-and re¬ 
position becomes gi eater than that at the m-position though not so 
great as in benzene itself chlorine atom is, therefore, o p-directing 
with deactivation. 

Some other compounds which give o-p-orientalion with 
deactivation aie styrene, bcnz)l chloride and < innamic acid. 

As stated earlier when an o-p-directing group as well as 
a /n-directing group are present in the nucleus, directive inlluence 
of the o-p-direrting group is stronger than that of the wi-dirccting 
group. The above arguments can be extended to explain this. 

(2) Reactivity and Orientation based on carbocation 
(ct- complex) stability. 


Whatever the specific reagent used, the rate of the Hertrophilic 
aromatic substitution is determined by the same slow' step—attack 
of the electrophile on the ring to form a carbocation : 


C,H b 


+ Slow + /H 

+ V-> C 6 H b <( 

X Y 

Llectrophile Carbocation 


Rate-determining step 



PROGRESS OF REACTION 


Fig, 34‘2—Potential energy changes during the course of an electrophilic 
aromatic substitution reaction.- Formation of carbocation is the rate- 
determining step. 

Any differences in the rate of substitution must* therefore, be 
due to differences in the rite of this step. 
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For closely related reactions, a difference in the rate of for¬ 
mation of carbocation is determined by the difference in the 
needed cneigy of activation, E a ^, i.e., by a difference in the stabi¬ 
lity of the transition states. A dispersal of the positive charge stabi¬ 
lizes the incipient carbocation of the transition state. Further, we 
can expect a more stable carbocation to be formed more rapidly. 
Let us, there lore, concentrate on the relative stabilities of the car- 
bocations. 

0 M 

The intermediate carbocation C 6 H 6 v; is a resonance 

hvbiirJ of structures I, 11 and III, in which the positive charge is 
distributed about the uug, being strongest at the positions ortho and 
para to the caibrm atom being attacked. 

A group ah cady present affrets the stability of the rarbocation 
by dispersing or intensifying the positive charge, depending upon 
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its electron-releasing oi electron-withdrawing nature. This effect 
is specially important when the grouo is present in the ortho or 
para positions of the carbon being attacked. 

Theory of Reactivity. In order to compare the rates of 
substitution in benzene, Loluenc and nitrobenzene, let us compare 
the following carborations obtained from thes^. 



In II, the methyl group releases electrons and tends to neutra¬ 
lize positive charge of the ring and becomes more positive itself. This 
dispersal of charge results in stabilization of the carbocation. In 
the same way, the inductive effect stabilizes the developing positive 
charge in the transition state and thus leading to a faster reaction. 

In III, the nitro group on the other hand has an electron- 
withdrawing inductive effect which tends to intensify the positive 
charge and destabilize the carbocation, resulting in slower reaction. 

Energy profiles for the formation of the a complexes in the 
three cases given above are shown in Fig. 34'3. 
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As shown in Fig, 34'3 the energy of activation for an electro¬ 
philic attack on nitrobenzene, Emet u> i® greater than the energy 
of activation for an electrophilic attack on benzene, E*ct ( 8 ). This 



REAL HON COORDINATE 


Fig. 34*3—Energy profiles for the formation of n complex in electro¬ 
philic aromatic substitution reactions or (1) Nitrobenzene, (?) Ben¬ 
zene and (3) Toluene. In (1) NO g group is an electron-withdrawing 
group and in (3) CH a group is an electron-releasing group. 

E act (i)^Ertci (ll^Enct (■) 

has been explained in terms of the electron-withdrawing induc¬ 
tive effect of the nitro group. In fact Eat t id is substantially 
greater than E a *t < S) as a result of the combined effect of resonance 
and inductive effects as illustrated in Fig. 34'4. 

P.E . of nitrobenzene is lower than that of benzene due to 
reaonance. 

P.E . of cr complex obtained from nitrobenzene is higher 
than that of e complex obtained from benzene on account of induc¬ 
tive effect of the nitro group. 

Theory of Orientation, An activating group ac tivates all 
positions of the benzene ring. Its ortho and para-directing influence 
is due to the fact that it activates these positions much more as com¬ 
pared to the meta position. 

A deactivating group deactivates all positions in the ring. Its 
meta directing influence is due to the fact that it deactivates the ortho 
and para positions to a greater degree than it does the meta position. 

Thus we find that ortho, para orientation and meta orientation 
both arise in the same way ; the activating or deactivating effect of 
any group is the strongest at the ortho-para positions. 

The observed facts are in accordance with theoretical reasoning 
based on the nature of carbocation obtained in each case. For 
example, the carbocation formed by attack at ortho, para and 
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/ig. 34’4—Energy of activation for an electrophilic attack on 
nitrobenzene is substantially greater than that for an electrophilic 
attack on benzene due te the combined effect of resonance and 
inductive effects. - 

meta positions of toluene is in each case a hybrid of three ^structure* 
bj given below : 



1 


11 



III 

Especially stable ; 


charge on carbon 
carrying substituent 



ortho attack 


para attach 


IV V VI 

Especially stable : 
charge on carbon 
carrying substituent 
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CH, 

i 

CL 



04 



meta attach 

VII 

VIII 

IX 



CH, is an activating group being electron-releasing. It releases 
electrons to all positions of the ring but does so most strongly to the 
carbon atom nearest to it. Consequently structures III (in ortho 
attack) and V (in para attack) aie particularly stable. Ortho-para 
substitution in toluene is thus faster than mrta substitution. 

In nitrobenzene, the NO a group is electron-withdrawing and 
hence a deactivating group. The carbocation formed by attack at 
the ortho-para and mrta positions is a hybrid of three structures 
givrn below in each case : 





Ortho attach 


I II III 

Especially unstable : 

, * charge on carbon 

carrying substituent 

In two of the rune structures (III in ortho and V in para), the 
positive charge is located on the carbon atom to which NO, 
group is attached. Although -NO, group withdraws electrons 



IV V VI 

Especially unstable : 
charge on carbon 
carrying substituent 


para attack 




meta attack 


VII VIU IX 


from all positions, it does so most from the carbon atom 
nearest to it. This carbon atom, being already positive, has little 
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tendency to accommodate the positive charge of the carbocation. 
Structures III (in ortho attack) and V (in para attack) are thus 
especially unstable and do little to help stabilize the carbocation. 
The resulting cation is virtually a hybrid of only two structures 
(I & II in case of ortho attack and IV Sc VI in the case of para 
attack) ; and the positive charge is mainly restricted to only two 
carbon atoms. Carbocation resulting from meta attack being hybrid 
of three structures and in which positive charge is accommodate 
ed by three carbon atoms is mure stable. In nitrobenzene, the 
oitho-para subtitution is thus slower than meta substitution. 

Thus we find that ortho-para orientation by activating groups 
and meta orientation by deactivating groups both follow logically 
from the structure of carbocation. The charge of the carbocation 
is strongest at the positions ortho and para to the point of attack 
by an electrophile Hence a group (activating or deactivating) 
attached to these positions can exert the strongest effect. 

Electron Release by Resonance. So far we have considered 
electron-release or electron-withdrawal only as effects due to the 
electronegativity of the group concerned (i.e., Inductive effect). Rut 
groups like -NHj, —OH, and their derivatives act as powerful 
activators towards electrophilic aromatic substitution even though 
they contain electronegative atoms which exert electron-withdrawing 
inductive effects. These groups release electrons by resonance effect. 
For example, the carbocation formed by attack at para position to 
NH, group in aniline is hybrid of structures 1 to IV, in which IV 
is especially stable since in this every atom has a complete octet of 
electrons except of course hydrogen which has a duplet. 




*NH S 



every atom has an octet 


Corresponding structures for ortho attack (V to VIII) are such 
like I to IV. Among these structures VIII is especially stable Tor 
the same reason. 





Y ORTHO 
ATTACK 


VIII 


Especially liable : 
every atom has an octet 


These carbocation^* are much more stable than the one 
obtained by attack on benzene itself, or one obtained (IX to XI) 
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from attack in meta position. In neither of these there is any 
especially stable structure like IV or VIII possible. 



•NB g »AHj 

6c? Oc? 


Meta attack 


IX X XI 

Thus substitution in aniline occurs faster than in benzene and 
occurs predominantly m the positions ortho and para tm the —NH f 
group. 

Similarly, activation by the —OH group and its ortho-para 
orientation is due to contribution of structures give* below in which 
every atom has a complete octet of electrons. 



& 


pare attack ortho ottosh 

Summary. Thus wr see that both reactivity and orientation 
in electrophilic aromatic substitution are determined by the rates of 
formation of the intermediate carbocations. These rates depend 
upon the stabilities of those carbocations which arc determined 
by the rlection-releasing or f lrrtron-withdrawmg properties of the 
substituent gioups already present. 

The halo groups arc the only ortho-para directors that are 
also deactivating. We can account for this peculiar behaviour of 
the halo groups on the assumption that their inductive effect 
governs icactivity whereas tlieir resonance coupled with electromeric 
effect influences orientation (see page 2’460). 

Through their electron-withdrawing inductive effect the halo 
groups make the ring slightly positively charged. As a result of 
it energy of activation for an electrophilic aromatic substitution for 
halobenzene is greater than that for benzene. In other words, a 
halo group deactivates the benzene ring. 

On the other hand when an electrophilic attack does take 
place, the halo group stabilises the a-complexes resulting from 
ortho and para attack by resonance by donating a pair of non¬ 
bonding electrons. This makes halo substituents ortho-para 
directors. 

However, we come across an apparent contradiction. Oxygen 
is more electronegative than chlorine or bromine. Yet, the OH 
group is an activating group while CL or Br are deactivating. 
This is explained in terms of the relative stabilisation caused by 
electron donation in each case. 
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Resonance structure resulting from electron donatio* by 
OH or NH fl involves a favourable overlap of 2p orbital of carbon 
and a 2f orbital of oxygen or nitrogen. Overlap is favourable 
since the atoms art almost of the same size. With chlorine die 
electron donation involves an overlap of 2 p orbital of carbon with 
a 3p orbital of chlorine. This overlap is less effective as chlorine 
atom is much longer and its 3 p orbital is much farther from its 
nucleus. With bromine or iodine the overlap is even less effective. 

Carbon and fluorine atoms being almost of the same size, the 
overlap of 2 p orbital of carbon and 2 p orbital of fluorine is very 
effective and hence favourable. Flu orobenzene is, therefore, mast 
reactive halobcnzene in spite of its high electronegativity. 

TEST YOU* UriDEHJTANDING / / 

l ' 

1. Fill in the blanks in Khe following : 

(/) Aromatic hydrocarbons ha?a a tendency to uadorgo.substitution 

(if) Aliphatic hydrocarbons undergo chiefly addition at multiple bands 
and . •- substitution at other points along the chain. 

(iff) As the sizs of tbs entering group inervesss, the amount of ortho 

isomer obtained. > ' '? 

(if) A positive charge oa XY makes it.directing. 

tv) In electrophilic substitution, a group already present increases U' 

stability of the carbocafioa by.the positivs charge depending upea u-* 

electron. nature. 

%K^vf) A carbocation is especially stable if the charge is on the carbea. 

or if every atom 

2. Give structures and names of the pnncipal organic products exported 
from mononitration of: 

(a) o-mtrotolucne, ( b) p-nitroacotanilide, 

(r) o-crssol, (d) m-oitrotoluene, 

(e) in-dibromobcnzcne, (/) p-cresol, 

(ff) aniline hydrogen sulphate. 

3. Arrange the following m order of reactivity towards electrophilic 
substitution listing the most reactive structure at the bottom : 

(/) Benzene, broroobenzene, nitrobenzene, toluene. 

( ii ) Acetanilide, acetophenone, aniline, benzene. 

(AY) Chlorobenzene, /t-chloronitrobenzcne, 2, 4-dimtrochlorobenzcne 
(iv) Phenol, aniline, toluene, nitrobenzene. 

4. I, 3, 5-trinitrobenzene (TNB) has more shattering power than 2, 4, 6- 
tnnitrotoluene (TNT), and it is no more dangerous to handle. Can you suggest 
a reason (connected with its manufacture) why TNT is still in more general use 
as high explosive ? (Benzene and toluene are both readily available and benzene 
is rather cheaper). 

KEY 

1. (/) ionic ; (ii) free radical; (if*) decreases ; 

(iv) meta ; (v) dispersing, releasing : 

(vi) carrying an electron-releasing substituent, an octet. 


3. Consult Table 341. 
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QUESTIONS 

Essay Type : 

1. What do you understand by the term Orientation ? Explain with the 
aid of examples how this has been carried out in the case of di- and ^substitu¬ 
tion products of benzene. 

2 . There arc three dibromobenzencs, melting at 360K, 279K and 266K,. 
Identify them with the help of the following results ’. 

(o) The one melting at 360K yields one mononitro derivative on 
nitration. 

( b ) The second (m.p. 279K) yields two mononitro derivatives. 

I c) The third (m.p. 266 K) yields three mononitro derivatives, 

3. How many trimeihylbenzcnes are there 7 How many mononitro 
derivatives will be given by each one of these ? 

4. Six diaminobenzoic acids are known. Each one of these-on 
decarboxylation yields one or more diaminobcnzenes as follows : 

(i) Three of these ac ids produced a single diaminobenzene (m.p. 336 K). 

(i/) Two of these gave another diaminobenzene (m.p. 377K). 

(in) One of these gave diaminobenzene (m p. 4h f i K). 

With the help of the above data, answer the following questions : 

(а) What are the structures of three diaminobcnzenes melting at 336K, 
377K and 415K respectively ? 

(б) What arc the structures of the six diaminobenzoic acids which 
yield these diaminobcnzenes on decarboxylation ? 

5. Where a mono-substituted benzene compound is converted into 
disubstituted compound, explain with examples how the group already present 
m the ring exerts a directing influence on the entering group. 

6. Write an essay on the directive influence of substituents on further 
substitution in the benzene ring. Show what compounds are formed whan («> 
toluene, ( 6 ) phenol, (r) bcnzaldehyde, (d) benzoic acid, (e) w-xylene, ( /) 
0 -aminophcnol, and (^) /j-cresol are nitrated. 

7. Discuss the general laws of substitution. What products will pre¬ 
dominate in the following reactions : 

(a) Nitration of acetophenone or chlorobenzene. 

( b ) Bromination of nitrobenzene, aniline or phenol. 

(c) Chlorination of phenol, aniline or bromobenzenc. 

(d) Sulphonation of benzaldehyde, benzoic acid, or toluene. 

( e) Nitration ofbenzonitrile, benzencsulphomc acid or benzoic acid : 

(Delhi B.Sc. 1974) 

8. Write a note on thr characteristics of aromatic compounds. 

9. Write an account of the mechanism oT aromatic substitution with 
reference to electrophilic, nucleophilic and free radical mechanisms, 

10. Giving two suitable examples, illustrate directive influence in 

aromatic compounds. ( Delhi B.Sc. Hons. 1980) 

11. How do you investigate whether a certain group is an activating group* 
or a deactivating one ? State the rule governing orientation in terms of electron¬ 
reteasing and electron-withdrawing groups. 

12. Write an essay on Reactivity and Orientation, 

13. Write short notes on : 

(i) Theory of Orientation. 

(//) Theory of Reactivity. 

14. Write a short essay on : ‘Electron release by Resonance”. 
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INTRODUCTION TO AROMATIC COMPOUNDS 
Shirt Answer Type: 

1. What are the functional groups and the general formulae of the 
following homologous series: 

Aromatic hydrocarbons Aromatic acids Sulphonic acids 

Aromatic amines Aromatic aldehydes Nitro compounds 

Aromatic alcohols Diazo compounds Amino compounds 

Z. Write formulae for the following organic compounds, giving graphic 
formulae, wherever necessary : 

o - xylene m-dichlorobenzene Benzal chloride 

Benzyl chloride Benzenesulphonic acid Dirnethylanilino 

o-toluidine BenzyLideiie chloride Phenyl chloride 

Benzylamine p-dinitrobenzene Triphenylamine 

o-Benzcnedisul- Benzenediazonium 3-Mcthylphenol 

phonic acid chloride 1,2-Benzenediol 

Tnnitroioluene SalicylaIdehyde 1,2, 3-Bcnzenctriol 

Benzyl alcohol 1, 3-Benzenediol Acetophenone 

Phthalic acid Ethoxybenzene Salicylic acid 

>ji- Toluic acid Benzaldchyde m-Chlorotolucne 

j t 2, 4-Benzcnetriol Benznphenone pToluidine 

3 Wnie names of the compounds whose formulae are given below : 



Cl 

Bi 



3 


4. Write structural formulae and give names Tor various isomers of the 
following ; (a) Tribromobenzencs, (6) Dichloronitrobenzenes, (c) Dinitrotoluenes, 
nod id) Methylphenols. 


•mr_it.Mu.r3 
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S Predict the major product (or products) which would he obtained 
on mononitratiim of each of the following compounds: 

ru nu b. rwr 



6. State reasons for the following facts : 


(o) —NH,, —OCH», —NH.COCH* and —Cl are ortho-para orieniJag 

arc ups. 

(S) — COiH, —NO, are m-directing groups. 

7. Write mechanism for electrophilic substitution in a benzene ring by 
giving the essential steps involved. 

8. What do you understand by 

(i) Mesoircric effect ; (ti) Flectromeric effect ; 

{Hi) Inductive effect (iv) Conjugalivc effect. 

9. Out of the conjugativc effect and inductive effect which is m no 
powerful 7 

10. Discuss the mechanism of nucleophilic substitution in benzene ring. 

11. Give one example of an S N 1 reaction. 

12. Give one example of an S K 2 reaction. 

13. Electron-releasing groups are ortho- and para-directors whereas 
electron-with drawing groups are meta-directors. 

Give two examples each of these two types of groups. Which of these 
are activating groups and which are deactivating groups ? 

14. Discuss the activating effect of a —NO, group present in o-chloro- 
nitrobenzene. 

15. Give a brief account of the theory of reactivity. 

16- Nitrobenzene stabilises itself by resonance as shown on page *‘’455. 
The following groups are of the same type : 

O: O: O: O: 

h » n i 

—N+O — C—OH —C—R -C-H -CaN : 

Write resonance structures showing stabilization by resonance of the 
benzene compound! containing each of these groups. 

17. {a) Write one resonance structure for acetanilide which does net 
involve electrons of the ring. You will find it involves (+) and (—) charges. 

{b) Explain on the basis of the resonance structure written by you. why 
acetanilide is less reactive towards electrophilic substitution than aniline. 

(c) Acetamide group (—NHCOCH,) is an ortho-para director and aceta¬ 
nilide is much more reactive than benzene. 

Can you account for these facts on the basis of resonance structures which 
involve the benzene ring ? 

(d) Do you expect phenyl acetate to be more or less reactive than phenol. 
Give reasons. 

(a) What is the directive influence of accloxy group, 

: O 
II - 

CH.-C-O- 


tn phenyl acetate 7 
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(/) Compared to benzene, is phenyl acetate more or less reactive in 
electrophilic substitution ? 

18, Why doe* nitration of nitrobenzene give m»dinitrobenzene while 

nitration of chlorobenzene gives 0 - and /j-nitrochlorobenzene ? 5 

(Delhi B.Sc. Hon* 1990) 

19. Explain why bromination of nitrobenzene is difficult but nitration 

of bromobenzene is easy. (Delhi B.Sc. 1980) 

ZO. ( 0 ) Explain why the bromination of aniline gives 2, 4, 6 -tri- 
bromoaniline whereas nitration of aniline with mixed acid gives m-nltroaniline* 

(b) Toluene is o-p ~directing whereas trichloromethylbenzene is at- 
directing, Explain. 

(e) Would you expect r-nitrochlorobenzenc to be more or less reactive 
than chlorobenzene towards hydroxide ion 7 Explain. 

(Delhi B.Sc. Hons. 1979) 

21. (a) Explain why, in electrophilic substitution reactions— 

li) aniline reacts faster than nitr obenzene. 

(ii) the directive influence of amino and nitro groups are different. 

(h) Compare the relative ease of nucleophilic substitution in chloro¬ 
benzene, p-nitrochlorobenzene and benzyl chloride. 

(a) Where will further substitution (e.g., mononitration) occur in the 
following : 

(/) N- acetyl derivative or p-toluidine, and (ii) m-bromobenzoic acid. 

(Delhi B.Sc. Hons. 1979) 

22. What is the difference between a transition state and an intermediate 

in an oiganic reaction ? Briefly describe. (Kerala B.Sc. 1981) 

23. Classify the following into -+1 and —I groups : 

Isopropyl, cyano, methoxy and ferf-butyl. (Kerala B.Sc. 1981 > 
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Coal-tar 

1. Destructive Distillation of Coal. —Coal is not merely 
free carbon as we commonly believe, it is a mixture of a number of 
complex organic compounds. For example, bituminous coal contains 
about 32-40 per cent of volatile matter (organic compounds ). 

When bituminous coal is subjected to destructive distillation 
at 1270-1670K, it yields the following chief products : 

Coal 


Hot volatile product Solid residue 

cooled and bubbled I through water Coke 

(- “ 1 (about 70% of the 

Insoluble gases Condensed liquid weight of coal taken) 

Coal gas and solution 

(nyj _ allowe d | to sta nd 

Upper aqueous Layei Lower viscous Layer 

Aumonlacal liquor Coal-tar 

(S-10%) (4-5%) 


Coal is also distilled at low temperatures (about 870K) for the 
production of smokeless fuel such as "coalite”. The yield of coal gas 
and tar is doubled. Coal-tar obtained is rich in aliphatic com¬ 
pounds. 

Coal gas obtained in high temperature distillation contains some 
benzene and toluene vapours which contribute greatly to its illuminat¬ 
ing power. These hydrocarbons may be extracted from coal gas by 
scrubbing it with creosote oil (see § 3). Creosote oil dissolves 
these vapours and gives them back on distillation in the form of light 
oil. At most of the gas works, however, these are allowed to remain 
in the gas. Coal gas is usually burnt as fuel and not used as a source 
of chemical substances. 


One tonne of coal on destructive distillation yields approxi¬ 
mately the following products : 

Coke ...700 kg Ammonium sulphate ...12 kg. 

Coal gas ...311,000 litres Light oil -.18 litres 

Coal-tar ...40-60 litres 


In India large quantities of coal arc being mined at Jharia, 
Raniganj, Bokaro, Giridih, Karanpura and some of it in Assam. Goa) 
gas is unknown in this country except in a few cities where it is used 
for illumination. Here we are carrying on destructive distillation of 
coal for the manufacture of coke used in iron industries. One of the 
world’s largest coking plants is working at Jamshedpur and is owned 
by Tate Iron and Steel Co. Ltd* 

2'4'2 
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2. Coal-tar.—It is a black viscous liquid with unpleasant 
smell, obtained as by-product during the manufacture of coal gas by 
destructive distillation of coal. Actual composition of coal-tar varies 
with the nature of coal and carbonising temperature. In addition to 
the carbon particles, to which it owes its black colour, the common 
substances present in coal-tar are : 

Neutral : Hydrocarbons—Benzene, Toluene, Naphthalene, 

Anthracene, etc. 

Acidic : Phenol (carbolic acid), Cresol, etc. 

Basic : Pyridine, etc. 

At one time coal-tar was not only a waste product but also a 
veritable nuisance. People thanked their stars when it was found 
that coal-tar could be used for the metalling of roads. Modern 
researches have shown it to be a valuable treasure which supplies us 
the starting material for a large number of products used in everyday 
life and industry, e.p., synthetic dyes, drugs, explosives, perfumes and 
photo goods. 

3. Fractional Distillation of Coal-tar. —Different com¬ 
pounds present in coal-tar arc separated by fractional distillation as 
follows : 

Coal-tar is taken in a pre-heater where it is heated by a pipe 
through which are passing hot vapours from the still. Here it 
loses most of the water present (which would otherwise give violent 
frothing) along with some low-boiling hydrocarbons. From the pre¬ 
heater it flows into an iron still heated in a furnace. Different frac¬ 
tions distil over at different temperatures and are collected separately. 



Fig. 35’1—Fractional distillation of coal-tar. 

Different Products and Their Uses. Various fractions 
obtained and the uses to which they are put, are given below : 

(1) Light Oil or Grade Naphtha (up to 440K) is the first 
fraction and is named so being lighter than water. It is treated with 
cold concentrated sulphuric acid to remove basic substances, 
pyridine, and then washed with water and treated with caustic soda* 
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to remove acidic substances, e.g., phenol and excess sulphuric acid. 
It is then washed with water and subjected to fractional distillation 
when we get: 

(а) 90% Benzol (350-380K) containing benzene and toluene. 
Actually it contains 70% of benzene. It is called “90% benzol” 
because 100 cm 3 of the fraction, when distilled, yield 90 cm* of dis¬ 
tillate below 373K. 

(б) 50% Benzol (380-41 OK) containing the same two hydro¬ 
carbons in different proportions along with xylene . It contains 46% 
of benzene. 

(e) Solvent Naphtha or Benzine (410-440K) containing xylene 9 
meeitylem , etc. 

The various hydrocarbons obtained are used as solvent in dry- 
cleaning, as fuel and as starting materials for the manufacture of 
various explosivrs, dyes, drugs and perfumes. 

(2) Middle oil or Carbolic oil (440-500K). Middle oil 

contains mainly naphthalene ami carbolic acid (phenol). On allowing 
it to stand naphthalene crystallizes out and is separated in a centri¬ 
fugal machine. The residue is Seated with caustic soda and the 
aqueous solution is separated and treated with dilute sulphuric acid 
to regenerate carbolic acid used in the preparation of disinfectants, 
bakchte, plastics and explosivrs. Naphthalene obtained is washed 
with sodium hydroxide and then with sulphuric acid. It is next 
purified by sublimation and used for the manufacture of explosives, 
dyes and insecticides. 

(3) Heavy oil or Creosote oil (500-540K). It is greenish 
yellow oil, heavier than water. It contains mainly cresols and is 
used as such for preservation of wood and the manufacture of dis¬ 
infectants. 

(4) Anthracene oil or Green oil (540-63 OK). Anthracene oil 

contains anthracene and phenanthrrne which are de posited as crys¬ 
tals on cooling. These find use in t) ^ manufactuic of alizarin dyes. 
The oil shows green fluorescence and is, therefore, called ‘green oil\ 

(5) Pitch (92-94% Carbon ). The black residue, left in the still 
after the distillation is over, is called pilch . It contains 92-94 per 
cent of carbon and finds usr in varnishes, road-making and protect¬ 
ing wood and metal work. It is also used as a binder in making 
coal-briquettes used as fuel. 

QUESTIONS 

Esaay Type : 

1. Describe coal-tar distillation. Give important uses of various 
products obtained. 

2. How is pure benzene isolated from coal-tar ? {Marat hwada B.Sc. 1976 ) 

Short Answer Type : 

1 . Name various fractions of coal-tar distillation giving temperatures at 
which these distil over. 

2. What is contained in middle oil fraction 7 

3. What are major constituents of the light oil fraction 7 

4. What are the main constituents of heavy oil and green oil 7 

5. What is pitch 7 What is it used for 7 
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1. Aromatic Hydrocarbon*. —The general JormuJa of the 

homologous senes is CnHj*^ Benzene, is the first member 

of the homologous series. Its higher homologues are toluene 
(CfHjGHaj.and xyhm, C c H 4 (CHaV X>Iene shows position isomer¬ 
ism and lime* isomeric xylenes ortho-, meta-, and para- are known. 
Coal-iar constitutes the clue! source of these hydiocaibons although 
small amounts also ccnu in natural pttroleurn. 

2. General Method* of Preparation of Benzene and it* 
Homologues : 

(a) Methods involving removal of the group already 
present in the nucleus : 


(0 By heating an aromatic acid or i i,s sodium salt with soda-lvne 
(Remoi l 1 of — COON group) 

CaO 

C,H e Iu )UNa-H\dO|H *> C,H, 

Sod benzoate ^ 

/CH S CaO 

C,H.<" - -' 

X |CUO'\u-t-Nat »|h A 
Sodium loluaic 

(n) By pasnng iuj 
of —OH group). 


ha,CO, 


CJl/'H, 4- Na 2 CO, 

Toluenr 


C.H,OIl 

Phenol 

/CH, 

c,h/ 

x OH 


+ 


■s of phenol over heated zinc dust (Removal 

Zn -► C,H, + 

ZnO 

Benzene 


Zn -► C,H 5 .CH, + 

ZnO 


o- w m~, or p-methylphenol 

(m) By the hydrolysis of sulphomc acids with, superheated steam 
or bp boiling unth dilufi hydrochloric acid under pressure at 420-470K 
(Removal of — SO,H). 


C.H»| bO,H+HO |II 
Benzenesul- 
phonic aetd 

/CH, 

C»H 4 <_ 

X |b0 ? H+ H 0| H 
Om, & p- Toluene- 
Sulphonic nud 


—► C,H, + H,SO, 

Benzene 


—► C,H,CH, + H.SO, 

Toluene 
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{»») By the action of hymphogpharoya acid, H,PO t (redu.ring 
agent) on artnediazonmm salts {Removal of — N*=i?.Cl group). 

C # H 5 N,C1 + HjPOj+HjO —► C,H* + N, + HC1 + H,PO, 

Benzenediazo- Benzene 

nium chloride 

GH 

C,H,<f ' * + H.POj+HjO - -*• C e H t .CH g + N, + HCI + HgPO, 

\NgCJ Toluene 

Toluenediazo- 
nium chloride 


(6) Methods involving addition of one or more alkyl 
groups to the benzene nucleus : 

(t?) By the action of alkyl halides on benzene in presence of 
anhydrous alvminium chloride — catalyst (Friedel-Crafts reaction). 


AiCli 


0«H t |U_ + 
Ben/cne 

“cilCH. 

Methyl 

chloride 

-► CgHg.CIl, 

Toluene 

+ 

HCI 

!h + 

c,h 4 / 

Toluene C ' H a 

_o;ch, 

Methyl 

chloride 

/CH* 

—- c<n/ 

S CH, 

o- <£ p - Xylene 

+ 

HCI 


For mechanism see page 2'485 . 


(tnj By hinting hahyen derivative of benzene or one of its homo- 
htgues and an alkyl hahde with metallic sodium m dry ether (Wurtz- 
Fittig reaction). 


C fl H B |Hr ± 2 N a -i-j|GH 8 

Phenyl MethvJ 

bromide iodide 

^CH, 

C.H t < _ _ 

X '|Br+Na+JirJGHg 

o-, rw-, or p- Methyl 

bromoiolnene bromide 


->C 5 H s .CH a -r-NaBi -f- Nal (60%) 

Toluene 

,CH a 


‘ X CH a 


--+ 2 NaBr 


<?-, m- 9 or />-X>lene 


Mechanism of Wurtz-FIttig Reaction. The mechanism of the Wur£z Fittin g 
reaction is uncertain. The following two mechanisms have been suggested: 

(o) Vta the formation of o rgn no-met all ic compounds : 


+ 


CO C,H,Br 

4 

2 Na 

—► C,H,Na 

4 

NaBr 

(//) CiUghd 4 

C,H,Br 

—*■ C|Hi.C|H, 

4 

NaBr 

{Hi) C|H»Br 

4 

2Na 

—► C.H.fta 

4 

NaBr 

(iv) C.H,Br 

4 

C,H,Na 

—► C.H.C.H, 

4 

NaBr 

(v) C t H|Br 

4 

C.HjNtt 

—► C.H.C.H, 

+ 

NaBr 


Reaction (0 proceeds very much faster than (//), the main reaction, 
therefore, is (if) producing CgHi.C^Hj, 


Rudolph Fittig (1835-1910)—German chemist. Noted for synthetic 
work hi the aromatic series ; the discoverer of pfaenanthrene in coal-tar. 
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(6) Via the formation sffrtc radicals : 

C,H*Br + Hi —► C«H b . + NaBr 

2C t H|. — + C.H.-C.Hs (Diphenyl) 

C s H|Br + Na —» C.H.. -f NaBr 

2C l H c . —► C t H|—C 1 H i (Bunrvf) 

C|H*. + C.H.. —► C t H|—C r H| 

C a H|C l H l is the main product while diphenyl and butane are by¬ 
products, 

(m) By treating a Orignard reagent (Arylmagnesium halide) with 
alkyl halide (Grignard reaction) in dry ether . 

C t H ,jMgBr~ + B r|CH,-►C,H s .CH,+MgBr I (c.p.) 

Phenylmag Methyl T oluene 

nesium bromide bromi do 

Other Methods : 

(vii%) By Clemmensen reduction of ketones with zinc amalgam 
and hydrochloric acid . 

Zn/Hg 

C b H*COCH 3 +4[H] -► G c H 6 GH 2 GH 8 + H a O 

Acetophenone +HC1 Ethylbenzene 

The ketone needed above may be prepared from benzene by 
Friedel-Crafts reaction. 


(ix) By cychzatwn of long-chain alkanes obtained from petroleum 
Vapours of alkanes under pressure are passed over a chromium 
catalyst (Ci 2 0 8 supported on Alumina) healed to 775K. 


yCH a H a Cv 
GH a <- >C H, 

^CH,—GH/ 

n-Hexanc 


Cr t O, / CH=GHv 

-►GHC yGH+4H 8 

770K VPH_ ‘ 


^CH—CH^ 

Benzene 


In a similar way toluene is prepared from n-heptane and xylenes 
from n-octane. 


CH 8 .(CH a ) 8 .CH g -► C # H 6 .CH 8 +4H a 

n-Hcptane 1 oluene 


-4H. 

CH 3 .(CH a ) fl .CH 3 -► G 3 H 4 (CH 8 ) a + C a H,.C a H* 

«-Octane Xylene Ethylbenzene 

Petroleum is proving to be an almost inexhaustible source of 
aromatic hydrocarbons which arc formed there by cychzation of 
aliphatic hydrocarbons, 

3. General Properties of Benzene and its Homolognes. 


Physical. Benzene and its homologues are usually colourless, 
refractive liquids, insoluble in water, but miscible with organic 
solvents in all proportions. Their vapours are inflammable, have a 
characteristic odour and are toxic yi nature. The boiling points 
increase gradually with the rise of molecular weight. 


Hydrocarbon b. p. (IT) 

Benzene, C*H* 353 

Toluene, C 9 H«.CH t 373 

Ethylbenzene, CiH|C t Hi 409 
Propylbenzene, C*H*C|H 7 432 


Hydrocarbon 
o-Xylene, CJWCH.)* 

ii » H 

pm 

Mesitylene, C i H l (dfH l ) l 


hp> (*> 
417 
412 
411 
53B 
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Chemical' Benzene nucleus is unusually stable but the hydro* 
gen atoms attached to the nucleus are readily replaced by other 
atoms or groups (substitution reaction). The side-chains are aliphatic 
In character* Their general reactions are : 

(1) Ccmbuticm. Benzene and its homologues are inflam¬ 
mable liquids and burn with a sooty 0ame giving carbon dioxide 
and water vapour. 

2C.H.+ 150.-H2CO a + 6H.O 

C.H i *CH I +90.-*7 CO. + 4H a O 

(2) Nitration. When treated with a mixture of concentrated 
nitric acid and concentrated sulphuric acid below 330K, benzene 
gives nitrobenzene while above this temperature wi-dinitrobenzene is 
the main product. With hot fuming nitric acid, and concentrated 
sulphuric acid, a third nitro group enters to give symmetrical trinitro¬ 
benzene. 


v IjbelowL 11 above I 
330KX^^ 330K 

Benzene Nitro- N 

benzene m -\ 


NO, O.Nr^NNO, 


NO, 

m-dinitro- 

benzene 


NO. 

j-trinitrobenzeiae 


Toluene can be nitrated more easily tlian benzene, main pro¬ 
duct of nitration being o- and ju-niUotoluene. Further nitration in 
presence of fuming nitric acid gives trinitrotoluene. 



o- and p-nitrotoluene Trinitrotoluene 


Mechanism of Nitration. The commonly accepted mechanism of mira¬ 
tion with a mixture of nitric and sulphuric acids involves the following sequence* 
of reactions : 


© © © 


(0 HOMO, + 2H.SO, 

* H.O+2HSO, 

+ NO. 


© M 

* C ' H <no, 

Nitroni urn ion 

(tf) NO, + C.H, 


© /H 

(i/0 C3.< + hso 4 - 

-*■ C,H,NO, 

+H.SO, (fast) 

x NO, 



Step (0 generates the nitroniuin ion, + NO, which is the electrophile 
that actually attacks the benzene ring. Strong sulphuric acid protonates nitric 

® 

add and causes it to split into NO. and H.O. Water is absorbed by H.SOi to 
® 6 
fora HiO tod HSO t . 
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© 

© 

-► 

HO-NO, 

+ HSO, 


H 

0 

-* 

H.O 

+ NO, 


© 

© 

-► 

H.O 

+ HSO, 


HO-NO.+H.SO. 

©<\ 

HO-NO. 

H 


H.O + H,S0 4 

(3) Sulphonation. With hot concentrated sulphuric acid 
'hrnzene gives benzencsulphonic acid while with oleum it yields 
benzene-//?-disulphonic acid, 

- SO„H 



h.so, 



h,s,o t 



JSO ? H 

Benzene Benzene sulphonic acids Benzene-m-di-su(phonic acid 

With conc< nti ated sulphuric acid toluene gives a mixture of 
and jj- toluenesulphonic acid. 


/GHj 

\|H + HC),SO,Il 

Toluene Sulphuric o- and />- toluene- 

acid sulphonic acids 

Mechanism of Sulphonation. The commonly accepted mechanism for 
sulphonation invohcs the following steps : 


/ 


CH. 


C,H 4 <r + H.O 
X SO a H 


{0 211,SO, 


H.O + HSO, + SO. 


U0 SO ,4 C.H, . 

x SO, 

(tu) C,it/ - H HSO.- * r,H,s 6 , + H,SO, (fast, 

N so. 


IT 


(r low) 


(iv) CtHaSO! 4* H.O+ CiH.SO.H + H.O 

(Equilibrium far to the left) 

For Milphonatmn we commonly me sulphuric acid containing an excess 
of SO*. Even if this is noi done, it appears that SO. formed 
In step (0 is the attacking reagent. f 


In step (if) the electrophilic reagent, SO. attaches it- ® S—O 
self to the benzene nng to form the intermediate carbocat- © i 
ion. Although SO, is not positively charged, it is highly 
electron-deficient, and hence an acid, nevertheless. “ 

In step (Hi) the carbocation loses a proton to form the resonance- 
stabilised substitution product, the anion of benzenesulphonic acid which takes a 
proton to yield bcnzenesulphomc acid [step (iv)] but this being a strong acid, the 
equilibrium is far to the left. 


Sulphonation is a reversible reaction whereas nitration 
is essentially irreversible. Energy profile for the nitration 
-of benzene is given in Fig. 36' 1. Height of the energy barrier on the 
left is higher than that on the right. The energy of activation, 
EaaiUi) leading from the s-complex back to reactants through 


transition state 1 is considerably greater than the energy of 
activation, E M i(d leading from the a complex to products through 

transition state 2. Hence in the nitration of benacne once a 
s complex is formed the reaction always proceeds further over the 
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lower energy barrier Eaei m to the product nitrobenzene. Nitration 

— -fr 

it, therefore, essentially irreversible , 



Fig. 36' 1- Energy profile diagram for nitration of benzene 
proceeding through tiansition states 1 and 2. £ ac tU) > ^aoi(a) 

< ■ ■ — —-— *—>■ 

Energy profile for sulphonation of benzene piocecding through 
transition states 1 and 2 is shown in Fig. 36’2 with energy barrier 
on either side of the a complex of roughly the same height. 

Eacni) is approximately equal to Eact^y Hence even after the 

-► - 

a complex is formed, the reaction can proceed forward or backward 
with equal facility. Sulphonation ia t therefore, a reversible reaction. 



Fig. 36*2—Energy profile diagram for sulphonation of 
benzene proceeding through transition states I and 2 
£•#«]> E*oM are approximately equal. 
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(4) Oxidation. Benzene is oxidised slowly on drastic oxida¬ 
tion with strong oxidising agents, e.p., chromic acid, potassium 
permanganate to give carbon dioxide and water. It is oxidised to 
maleic anhydride when its vapour mixed with air is passed over 
V,O b at 670K. 


O HC-CCk 

+ 4*0,-► II >0 +2CO, + 2H.O 

HC—CO' 


In the case of homologues of benzene, the side-chain irrespec¬ 
tive of it<* length is oxidised to a carboxyl group. With mild oxidis¬ 
ing agents, e.y., chromyl chloride, only the end methyl group is 
oxidised to aldehyde group. For example, butylbenzene gives 
benzoic acid and phenylbutyraldehyde lespectively. 


CH t .CH,.CH,CHO 



Phenylbutyraldehyde 


GHj.CH, .CH a -CH, COOH 

(*^j) 

KMnO. 

Butylbenzene Benzoic acid 


Similarly, toluene on oxidation with mild oxidising agents, 
e.p., chromyl chloride, gives benzaldehydc while chromic acid or 
potassium permanganate oxidises toluene directly to benzoic acid. 


c,h 6 .cooh 

Benzoic acid 


KMnO, 


G # H b .CH a 

Toluene 


CrO.Cl. 

- + C g H B .CHO 

Benzaldehydc 


Xylene on oxidation with hot dil HNOj gives toluic acid. 
/CH, O /CH, 


C.H. 


‘^CH, 


o-, w-, or p- xylene 


C^4< 

N^ooh 


p-, m~, or p-, toluic acid 


Side-chain oxidation takes place at the benzylic carbon and 
as a result of it alkyl groups longer than methyl group arc degraded 
to benzoic acid. The first step is abstraction of benzylic hydrogen 
by the oxidising agent. Once the oxidation starts at the benzylic 
caibon, it continues at that site and the benzylic carbon is oxidised 
to —COOH group ultimately. In the process the refraining carbon 
atoms of the side-chain are scissored off. 

(5) Reduction. On reduction with hydriodic acid at 520K 
or hydrogen under pressure in presence of finely divided nickel at 
470K they form cycloalkanes, e.g., benzene gives hexahydrobenzene 
(Cyclohexane). 

C g H g + 6[H] —► C f Hi| 

Benzene Cyclohexane 

(6) Ozonide formation. Due to the presence of three double 
bonds the aromatic hydrocarbons form triozonides by addition of 
one ozone molecule at each of the double bond* 

C.H, ♦ 30, —+ C,H.(0^, 
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(7) Halogenation. (a) In cold, dark and in pretence of haltfen 
carriers, e.g., iron , iodine. 

(i) In case of Benaene, one nr more hydrogen atoms are 
replaced by chlorine or bromine (Substitution —Chlorination and 
Brominaium ). Direct iodination Is not possible except in presence of 
oxidising agents like iodic acid, mercuric oxide, etc. 

Gl Gl Cl 



benzene Parm- 

Dichlorobenzenes 


Brominatum is similar. 

A trihalogrn derivative, e.g., C,H 3 Cl 3 or C f H 8 Br 3 is obtained 
on further halogcnation. 

(ii) In case of Toluene or higher homologues, one or more 

hydrogen atoms of the nucleus are replaced by chlorine or bromine 
(NncUar Substitution). 



Para - 

Chlorotoluenes 

Di- and trichlorotolucncs are obtained on prolonging the 
passage oi chlorine. 

Mechanism of Halngenation. The commonly accepted mechanism fov 
aromatic halogenation, as illustrated for chlorination, involves the following 
•teps : 

CO Cl,+FeCl a *FcCV + Cl 
+ 4 /H 

(if) a+C'Ht -+C, (slow) 

X C1 

+ x H 

tin C * H I\ C1 +FeCl,-* C t H.Cl + HC1 + FeCl, (fast) 

Metallic iron commonly used as catalyst is converted into FcCli by 
chlorine. 

(b) In Bright Sunlight. (i) Benzene gives addition products 
with chlorine or bromine, t.g., 

C,H,-* C.H.C1,-* C.HjCl,-► C.H.C1, 

Benzene Dichloride Tetrachloride Hexachlorido 

The hexahalides are unstable and decompose when heated 
alone or with alcoholic potash. 

C,H a Cl a + 3KOH-► C fl H,Cl 3 +3KCl + 3H,0 

Benzene hexachloride Trichlorobenzene 

(w) In case of homologues of Benzene, side-chain substitu¬ 
tion is favoured by high temperature, light and absence of halogen 
carriers . For example, when chlorine is passed through boiling toluene 
in presence of sunlight, substitution takes place in the side-chain. 
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GiHgCHj C fl H s .CH,Cl CJis.CHCl, C a H 6 ,CCl a 

Toluene —HC1 Benzyl —HCl Benzylidcne —HC1 Benzylidyne 

chloride chloride chloride 

Mechanism of ride-chain Halogenation. Halogenation in the side-chain 
proceeds by free-radical mechanism just as the halogenation of methane. 

hv 

Cl, *-—-► 2C1- ( Free radicals ) 

C.H.CH, + Cl--► CiH.CH,- + HC1 

Benzyl radical 

CgH.CH,’ + Cl,-► C a H,CH,Cl 4* Cl’ 

Benzyl chloride Free radical 

and so on. 

Ease of formation of free radicals is in the following order : 
allyl or benzyl >3°(tertiary) >2° (secondary) >1° (primary) >CH,>vinyL 

Thus in toluene molecule the position of attack by the halogen 
is governed by the nature of the attacking particle. Atom (or the 
free radical) attacks the side-chain whereas the ion attacks the ring. 

(8) Friedel-Crafts Reaction. This reaction involves the intro 
duction of an alkyl or acyl group into the benzene ling in presence 
of a catalyst. Different alkylating agents are alkyl halides, alcohol 
and olefins while acylating agents are acids, acid chlorides, acid 
anhydrides and esters. Various catalysts used are anhydrous 
Aid,, FeCl 3 , ZnCl a , SnCl, and BGl a (Lewis acids). 

Some of the organic compounds prepared by this reaction are : 

(u) Hydrocarbons 


CH 3 C1 


-► CH 3 A1G1 4 -► 


GH,»CH, — 


HCl 

(traces) 


{CHJ3COH — 


(6) Ketone* 

A1CI, 

CHgCOCl-► 

Acetyl chloride 


—A1C1,; 
—HCl 


CH 8 CH,A1C1 4 


(CH a ),C 

+HOBF. 


CHjCO A1C1, — 


C.H, 


C(CHJ, 


COCH. 


bf, t c,; 

(CH^CO)P-*» CH,CO CH.COOBF, — 

Acetic anhydride 


Acetophenone 

COCH, 


Acetophenone 
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(c) Acid chlorides and acid *» 

A1C1, ± C.H, 

OlCOCl-►C1CO A1G1 4 -► C 6 H 6 COCl 

Carbonyl chloride Benzoyl chloride 

G^GOfci + " H|OH-► G fl H 5 GOOH + HG 1 

- Benzoic acid 

( d ) Acid amides. 

A1C1-, + - C,H. 

NH 4 COCl-> NH a CO AIGI 4 -*C d H s CONH, 

Chloroformamide Benzamide 

(e) Di- and Triphenylrnethanes. 

2 C*H fl + CH a Cl*-► G a H v GH 2 C 8 H 5 + 2 HCI 

Diphenylmeihanc 

3G 8 H C + CHGI 3 -* (C fi H 5 ) 3 CH + 3HG1 

F riphenylmethane 

Mechanism or Friedel-Crafts Reaction. It is believed that Fnedel-Crafu 
reactions proceed through the intermediate formation of carbocation or acyl 
cation. 


With Alkyl halides 
(/) RC1 

-b 

A1CI, 


R+ + AlClr 


u'/> R 

+ 

C.H, 


+ /H 

($W) 

Carbocation 









Aicnmm ion 




A1CV 




( 111 ) C,H.< 

X R 

+ 

* 

C t H,R f HCI+A1C1, 

(fast) 

With Acyl chloridis 




+ 


(0 RCOC1 


A1C1, 


R.CO + AlClr 


(/i) RCO 

+ 

C.H, 


+ /H 

C.H / 

x COR 

(slow) 

Ati acylium ion 








Arenium ion 


+ /H 
^COR 

+ 

Aicir 


C,H.C OR+HClf A1CI, 

(fast) 


In the other mechanism, the electrophile is the alkyl group in the polar 
complex between AlCi, and the alkyl halide 

8- 8+ © Al 

ClaAl—Cl— R + C.H, —► C # H b < + AlClr 

X R 

The less stable (1°) carbocation rearranges by a 1, 2 -shift to a 
more stable (2° or 3°) carbocation. For example, 

A1CI. 

G e H 6 + CH 3 .CH 2 .CH a Cl -► GeH 5 .GH 3 GH.GH, and 

o-Propyl chloride n-Propylbenzene 

31-35% 

GeHsCHCCH.)! 

Isopropylbenzene 

65-69% 

n-Propylbenzene is obtained mainly if the reaction is carried 
out in cold. 

CH t 

| AiCl a 

GjH, + CH 3 GHCH 3 CI-* C a H fi C(CH a } l 

lsobutyl chloride tert, Butylbenzcne 

{only product) 

Limitations of Friedel-Craft8 Reaction. There are several 
restrictions which limit the usefulness of the Friedel-Grafts reaction. 
For example, 

TOC—1-84-23 
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(i) Aryl and vinyl halides which do not form carbocationi 
easily > cannot be used as halide component. 

(ii) Polyalkylation takes place quite often. After the 
introduction of one alkyl group (an activating group) the ring gets 
activated for further substitution. Friedel-Grafts acylation does not 
suffer from this defect since acyl or aroyl group, being deactivating 
group, does not facilitate further substitution. 

(<ti) Carbocations formed during the reaction rearrange to 
yield more stable carbocations as shown above. 


(u>) It is often accompanied by rearrangement of alkyl group 
attached to the nucleus. For 1, 2, 4-Trimethylbenzcnc rearranges 
to give mesitylenc in Fnedel-Crafts reactions. 


CH, 



CH, M C l, CH,^jjCH, 


HCI 

0 Us ch 3 

1, 2, 4-Trmocthylbenzene Mesitylcne 


+ AlC] a +HCJ 


(i)) The presence of an eketron-with drawing group (m-orienting 
group) m the' ring hinders or inhibits the Fi it del-Ciafts ieaction, e.g.> 
nitrobenzene and acetophenone do not undergo this ieaction. On the 
other hand, if an o-, 71 -oricnting, stiong activating gioup (election 
releasing group) is present in cither of the above two compounds, 
reaction can take place. For example, o-nitioanisolc can undergo 
this ieaction. 

Presence of Ml g , KHR and NR 2 groups also inhibits the 
reaction. Tins is because these gioups become powerful electron 
withdrawing groups by r<acting with Lewis aud when compounds 
containing these aie placed m Piiedc!-Grafts reaction mixtures. 


II*N : H Z N—A1C1* 



Aniline Lewis Does not undergo a 

acid Fricdel-Crafts reaction 

(9) Mercuration, Benzene or its homologuc is heated (360- 
430K) with mercuric aertate* foi one or more hours when one hydro¬ 
gen atom is replaced by acetoxy-mercuric group, 

C a H 4 + (CH 3 COO) 2 Hg-» CgII 5 —Hg.OOCCH 8 +GH 8 COOH 

Aceto*ymercunbeneene 
or Phenylmercury acetate 

Aromatic mi rcuiatcd compounds are increasing in important e 
m medicine and in preparation of othci compounds. 

Mechanism of Electrophilic aromatic substitution (a summary) 

From the above discussion electrophilic aromatic substitution reactions 
seem to proceed by a single mechanism whatever the particular reagent involved. 
Thus can be summarized for the regent a * follows ; 
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(0 C,H, + 

,H 


<*> 


+ :Z 


cA<“ 

Arenium ion 
CfH|Y + 


HZ 


(Slaw) 

(UmO 


The two essential steps involved in the substitution are : 

(i) Attack by an ^electrophilic reagent upon the ring to form a carbocation 

(arenium ion), . 

UO Abstraction of hydrogen ion from the carbocation by some base. 


This can be represented briefly as follows: 


C.H, + $--*■ C.H.Y + & 


In electrophilic aromatic substitution reactions, the electrophile 
may be a positive ion, e.j/., + NO a (nitronium ion) in the nitration or 
it may be a species that bears only a partial positive charge, e.g., 
in halogenation reactions the electrophiles arc halogen-Lewis acid 
complexes in which halogen is partially positive, e.g. s 

r r 

:Br—BrFe Br 8 (wherein FeBr, is Lewis acid) 


Electrophile may also be a neutral Lewis acid, e.g* 9 in sulpho~ 
nation reactions it is usually S0 8 (a Lewis acid). 

INDIVIDUAL MEMBERS 

4. Benzene, C e H„. —Benzene was first isolated by Faraday in 
1825 from oil condensed in cylinders of compressed illuminating gas 
obtained by the destructive distillation of whale oil. Hofmann point¬ 
ed out in 1845 that benzene was found in coal-tar which is still a 
commercial source of benzene. Large quantities of benzene and its 
homologues are prepared in the USA by cracking petroleum. 

Preparation. Benzene can be prepared by any of the general 
methods given before. It is, however, conveniently prepared in the 
laboratory by heating a mixture of sodium benzoate (20 g) and soda 
lime (30 g) in a distillation flask connected to Liebig’s condenser and 
receiver. Benzene distils over. It is dried over anhydrous calcium 
chloride and redistilled. 

Commercial preparation of Benzene from Coal-tar. Coal- 

tar is subjected to fractional distillation and its first fraction, called 
Light oil , is washed successively with cold concentrated sulphuric acid 
(which removes basic impurities, e,g. t pyridine and some thiophene), 
water, dilute sodium hydroxide solution (which removes acidic 
impurities, e.g., phenol, cresol) and water. It is finally washed with 
water, dried and subjected to fractional distillation again. 

The fraction (350-380K) called 90% Benzol or the fraction 
(380-41 OK) called 50% Benzol are worked for the recovery of 
benzene present in them. Benzol is distilled fractionally and the 
fraction passing between 353-355K is collected. This is then cooled 
in freezing mixture and the crystals of benzene separated from the 
impurities. The process of distillation and freezing is repeated until 
it boils off at 353-354K. It is pure benzene containing some thio- 
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phene (C 4 H*S, having b.p, and m.p. almost the same as that of 
benzene; as impurity. 

This is repeatedly washed with cold concentrated sulphuric acid 
until it gives no blue colour with a trace of isatin in concentrated 
sulphuric acid (shows absence of thiophene). The product is washed, 
dried and redistilled. 

A better means of separation of thiophene is to reflux benzene 
with aqueous mercuric acetate when thiophene is mercurated and 
benzene remains unaffected. The two can now be separated. 

Commercially thiophene is removed by heating benzene with 
hydrogen under pressure at about 670K in presence of a catalyst* 
Thiophene gives n*butane and hydrogen sulphide. 

Commercial preparation from Petroleum. Benzene is 

also manufactured by cyclization of hexane obtained from petroleum. 
Vapours of alkanes under pressure aie passed over a chromium 
catalyst (CrjO, supported on alumina) heated to 770K. 

/CH, H 8 C v Cr l o B /CH=CHx 

H t C<; /CHj-► HCC >CH+4H t 

XJHj— CH/ 770K >CH-CH' 

n-Hcxane Benzene 

Synthesis. Benzene was first synthesised by Berthelot in 1873* 
by passing acetylene through red-hot tube. 

3C I H I C.H, 

Properties : Physical. Benzene is a colourless liquid (m.p. 
278'5K ; b.p. 3 d 3K) with a characteristic smell. It is insoluble in 
water but miscible in all proportions with alcohol and ether. It is a 
good solvent itself for fats, resins, sulphur, iodine, etc. 

Chemical. Chemical properties of benzene have already been 
discussed under general properties of benzene and its homologucs. 

Uses. Benzene is used : 


(i) As a solvent for fats, resins, etc. 

(it) In dry-cleaning. 

(iti) As a motor fuel under the name “benzor*. 

(in) For the manufacture of styrene (used in synthesising plastics 
and rubber), phenol (used in making dyes, plastics, etc.), aniline 
(used for making dyes, drugs, etc.), isopropylbenzene (added to 
gasoline to raise its octane number), nylon, detergents, insecticides 
(DDT, CgHjClt, etc.) maleic anhydride, solvents, etc. 

5. Constitution of Benzene.— (i) Molecular formula of 
benzene as calculated from its combustion and vapour density data is 
C|H 4 . 

(ti) Unsaturated Appearance . Low proportion of hydrogen to 
carbon (c./. C«H U , hexane—corresponding paraffin) suggests that 
benzene is an unsaturated compound like ethylene or acetylene. 

(Hi) Behaves like a Saturated Compound* Like other unsaturated 

2 unds benzene does not readily decolorise bromine water or 
e potassium permanganate (Baeycr 9 * reagent), i*e., it behave* 
tike a saturated compound. 
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(iv) Presence of three Double Bonds is indicated by the fact that 
in the presence of sunlight (or ultraviolet light) it adds six chlorine 
atoms to give C e H e Cl e . 

It is also shown by the fact that benzene forms a triozonide 

C.H % (0*) 9 . 

(v) Inference, From the above we infer that benzene is an un- 
salurated compound having three double bonds but behaves like a 
saturated compound ordinarily. This suggests a structure for ben¬ 
zene entirely different from open-chain unsaturated compounds, 

(vi) Further Evidence, The following (acts support the above 
view : 


(а) Benzene forms only one mono-substitution product, e,p. # 
only one chlorobenzene is known. A straight-chain formula, if 

assigned to benzene, would give three or even more mo no-substitution 
products as indicated below : 

C.C.C.C.C.C, C.C.C.C.C.C. C.C.C.C.C.C. 

I I I 

X X X 

( б ) Reaction of benzene, c.g., Nitration, Sulphonation, Friedel- 
Crafts reaction, etc., are either unknown or uncommon with open 
chain unsaturated hydrocarbons. 

(r) On reduction with hydrogen under pressure in presence of 
finely divided nickel at 470K, it gives cyclohexane which indicates 
a ring structure for benzene. 

Ni, 470K 

C 0 H fl + 3H a -► 

Benzene 

GH a 

Cyclohexane 



(oii) Rehile's Formula . Keeping all these facts in view 
Kekule suggested in 1865 a ring formula for benzene wherein he 
assumed that six carbon atoms were lying at the six 
corners of a regular hexagon and hydrogen atoms 
were equally divided among these, i.e each carbon 
atom carries one hydrogen atom- -see the formula 
given in margin. 

CH 

To account for the fourth valency of each carbon atom, he 
assumed a system of alternate double and single bonds as shown in 
the margin. 


GH 



GH 



Main defects of the *Kelcule*8 formula were : 

(а) It could not explain the saturated nature 
of benzene, 

(б) Two ortho-disubstitution products of 
benzene were possible as (*) and (ii) given below : 


, K*ule von g Friedrich August (1B29-96)—German chemist who is 
famous tor Ms theory of the ring structure of organic compounds. His formula 
for benzene was the result of his dreaming of a serpent catching its own tail* 
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To remove the second defect, Kekule assumed^ the double bond* 
to be in a rapid state of oscillation, which 
leaves no difference between the two ortho 
disubstitution products (t) and (u) given 
above. 


Lined the double bond 

o-o 


In 1932 Levine and Cole subjected o-xylene to ozonolysis and 
obtained glyoxal, methylglyoxal and dimethylglyoxal. These could 
not be obtained unless two forms of o-xylene were present. 



CHO 

+2CH.CO.CHO + | 

CHO 


CH..CO CHO 

♦ |+ 2 | 

CH,.CO CHO 


{Closed chain ruptures at the position of double bonds to yield these products.) 

In this way the authors supported Kekule’s oscillation (tauto¬ 
meric) hypothesis. 


(vni) Some other formulae. Kekule’s formula did not explain 
the peculiar behaviour of double bonds in benzene. Claus (1867), 
therefore, introduced his diagonal formula and Dewar (1867) 
suggested another formula. To explain the fact that there was only 
one ortho-disubstitution product, Ladeuburg (1869) proposed his 
prism formula stating that the six carbon atoms lie at the six 
corners of a regular prism, the edges of which denote linkages. 

Out of these Dewar’s formula is not symmetrical and was, 
therefore, not acceptable. The prison formula had no double bonds 
and thus did not account for the addition products of benzene. 
Moreover, X-ray spectra of benzene shows regular hexagonal struc¬ 
ture. In all the three formulae length of some of the bonds is too 
much and is a point of weakness rather than strength. 



Claus 

diagonal 

formula 



ib) 

Dewar's 

formula 


(c) 

Ladenburg’s 
prism formula 



Pig. 36*4 — 
Armstrong- 
Baeyer*i 
centric formula* 


Pig. 36’3-Some other formulae for benaene. 
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(ix) Armstrcmg-Baeyer 9 * Centric formula (1887). According „ |o 
this, the fourth valency of each carbon atom is represented as directed 
towards the centre of the ring but not actually linked to opposite 
neighbour in the Claus formula. The centric bond is only potential, 
not real. By mutual action there is a condition of equilibrium 
between these bonds and accounts for the aromatic properties. 



When benzene is converted into dihydrobenzene 
Indirect method (direct hydrogenation 
is not possible), the condition of equili 
brium is destroyed and two double bonds 
appear. The product behaves as a typical 
diolcfin. Benzene 

The centric formula is, however, 
unsatisfactory as it does not explain the 

stability of the ring or the behaviour of the polynuclear hydrocarbons, 


Dihydro benzene 
(Cyclohcxadtene) 


{x) Thiele's formula. Thiele applied his theory of partial 
valency to the benzene problem and suggested the following formula 
for benzene : 


This formula dispenses with Kckule’s oscillation hypothesis. 

Herein there is no difference 
t! between 1 : 2 and 1 :6 




lie 


lie 


CH 


£11 


n 

Thiele’s formula 
for benzene 


/ 


v 


c 

SI 

.c 




Cyclooctatetraenc with 
conjugated double ami 

Slllgle bonds. tyuum lau uanu, 

also exhibit aromatic character but it has a typical unsaturated 
character. 


position. At the same time 
there being no free valencies 
it behaves as a saturated 
compound. 

As suggested by Thiele, 
if aromatic character is due 
to symmetrical conjugation 
of the benzene ring then 
cycloortatetraene should 


The approach even today is still an attempt to account for 
the fourth valency of each carbon and define the aromatic chaiacter 
of benzene. 


6. Aromaticity or the Aromatic Character. —Properties 
of benzenoid compounds were found to be very much different 
from those of analogous aliphatic and alicyclic compounds ; for 
example, case of substitution in benzene and its derivatives in spite 
of its unsaturated nature, weakly basic properties of aromatic 
amines, acidic nature of phenols. This unique character of 
benzenoid compounds was termed Aromaticity or Aromatic 
character. Chemists have been trying to seek an explanation for 
this and in consequence to define aromaticity. 

Out of the number of theories put forward, the following three 
ire important: 
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(a) Aromatic Sextet theory. It was originally suggested by 
Bomberger (1891) and later on modified according to electronic 
theory by Robinson (1925), Ingold 
092flJ and Huckel (1930), According 
tp this, thei e are six electrons in excess 
than arc necessary to Jink six caibon 
atoms. These six electrons form a 
closed gioup responsible lor the aromatic 
properties. This group is present m 
heterocyclic compounds also and is 


Benzene Pyridine Fur an 
All of these possess a group of 
six electrons. 


responsible for the aromatic character shown by them. Aliphatic 
compounds differ from aromatic compounds for want of this group. 


(6) Valence bond theory of aromaticity. X-ray analysis 
and other experimental results have established that benzene is a 
flat hexagon with all ns hydrogen atoms lying in the plane of the 
ring and each C—C—H valency angle being 120°. All C—C bond 
lengths are the same (=1’397A). Tins suggests that each bond is 
partly a single bond (bond length 1 54A) and partly a double bond 
(bond length 1’33A). 


Planai stiucture and 120° bond angle is explained on the 
assumption that carbon atoms in benzene ling are sp 2 hybridised. 
Shortening ol bond lengih and thr aromatic properties oi benzene 
are explained on the basis ol resonance. According to this itirory, 
benzem is believed to be a resonance hybnd of the following 
Structures : 


0-0 

(0 an <«o o) O') 

Kckule structures contribute about 80% to irsonance. Fuither 
more, since the two Kekule structures are equivalent, the stability of 




Fig. 36\$—The actual molecule of benzene is 150*6 kJ per molecule more 
stable than the hypothetical cyclohexatriene. In order to observe normal 
alkene reactions of benzene, we would have to expend this additional amount of 
energy to localise the n electrons. Thus, more energy, usually in the form of higher 
reaction temperatures, is required for reactions of benzene than for similar 
reactions of non-aromatic alkcnes. 
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the resulting resonance hybrid is very high. Resonance energy of ben¬ 
zene (*»150'6 kj mol* 1 ) being high makes benzene relatively stable 
in comparison with aliphatic unsaturated compounds and hence its 
4 aromatic character \ 

ThermochemicaJ calculations show that introduction of three 
double bonds in cyclohexane to get benzene should be accompanied by 
heat change of about 359 kj mol -1 , but the experimental value is only 
208’4 kj mol h The difference between these two values (“150*6 kj 
mol* 1 ) is the resonance energy of benzene. Thus benzene contains less 
energy than expected and is, therefore, more stable than expected. 

Resonance gives each C—C bond in benzene some double bond 
character. The C—G bond length in benzene has been found to be 

o 

1*397 A which lies hr tween that of a single bond, G—G in ethane 
( = 1*54 A) and that of a double bond, C=C in ethylene (=1*33 A). 
Further since all the six G—G bonds in benzene are the same, it 
Shows the symmetrical nature of the benzene ring. 

Furthi r evidemc. Evidence that the benzene ring is planar 
has been obtained from studies of 
X-ray analysis, chpolc moments, 

Raman sp( cira and electron diffrac¬ 
tion photographs of benzene vapour. 

In an X-ray diffraction photograph 
of a molecule ol hrxamethylbenzene 
C fl (GH 3 )„ shown in Fig. 36'6, six 
black spots arranged in hexagon arc 
six carbon atoms of benzene ring 
and the outer spots are caibon 
atoms ol six rrn tliyl groups attached 
to these six carbon atoms. This offers 
a visible proof of the hexagonal 
arrang.*mrnt of the carbon atoms. Flg 36 6 _ X - r ay diffract.on pho- 

tjgiaph of hexamethylbenzene. 

(c) The Molecular Orbital Theory of Aromaticity. 

In tern s of tire molecular orbital theory benzene, as shown by 
spectroscopic studies and X-ray analysis, is a regular flat hexagon 
(angle= 120°) with all the six caibon atoms lying m the same plane 
and each G-G—H angle also being 120°. Thus each carbon atom 
is in a staff of trigonal hybridisation ( sp 2 hybridisation ), r ihus in 
benzene molecule there are six sigma G— H bonds, six sigma G—C 
bonds and six 2p t orbitals (one of each carbon atom) which are all 
paiallcl and perpendicular to the plane of the ring f see Fig, 36*7 (i)J. 


f 



/■% 

IV» 



(0 W (AO (M 

Fig. 36 1 —Structure of benzene in terms of molecular orbital theory. 

These orbitals can overlap in two equally good ways as shown in (ii) 
and (ns) above. Each 2p % orbital, however, overlaps the neighbour 
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equally. All the six orbitals are, therefore, completely delocalised 
and form a molecular orbital embracing all the six carbon atoms as 
shown in Fig. 36‘7(u>). 



below the plane of the ring. 


Thus there are two continuous hexagonal electron clouds, one 
lying above and the other below the plane of the atoms [see Fig. 36’8(&)]« 

The overlapping of the p-orbitals in both directions and the 
resulting participation of each electron in several bonds is equivalent 
to our earlier description of benzene as a resonance hybrid of several 
structures. This delocalization of it electrons results in stronger bonds 
and more stable molecule. For this reason the term delocalization 
energy is frequently used instead of resonance energy. 



The orbital approach reveals the importance of the planarity of 
the benzene ring. Since the trigonal sp 1 bond angles just fit the 120° 
angles of a regular hexagon, the ring is flat and this flatness permits the 

overlapping of the j?-orbitals 
in both directions resulting in 
stabilisation due to delocaliza¬ 
tion of p-orbitals. 

In the benzene molecule 
each C—G bond length= 

. . P . T397A, each C— H bond length 

Fig. 36*9— Shape and size of ben- o ® 

zene molecule. -= 1 ’09A. The benzene ring is 

Completely flat and the bond angles are 120°. 

Chemical properties of benzene are just what we would expect 
of this structure. Despite delocalization, the it electrons are more 
loosely held than the a electrons and are readily available to an 
electrophile. Benzene ring thus serves as a source of electrons for 
electrophilic (acidic) reagents. Since benzene ring is stabilised by 
resonance, these reactions lead to substitution in which aromatic cha¬ 
racter of the benzene ring is preserved. 


Aromatic Character and the Hackers (or 4n+2) Rule. 

We have defined aromatic compounds as those which resemble 
benzene. But there are many substances called aromatic, yet bearing 
little resemblance to benzene superficially* Hence we must know as 
to which properties of benzene must a compound possess before we 
speak of it as being aromatic. For this let us study what properties 
do all aromatic compounds have in common* 
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(») These are highly unsaturated compounds but resistant to 
addition reactions generally characteristic of unsaturated compounds. 

(is) They are unusually stable as shown by their low heats of 
hydrogenation and low heats of combustion. Heat of hydrogenation 
of benzene is only 208*4 kj mol" 1 against that of cyclohexatriene 
*•359*8 kj mol -1 . Heat of combustion of benzene is only 
3578 y mol" 1 against that of cyclohexatriene—3447 y mol -1 . 

(iii) Aromatic compounds undergo electrophilic substitution 
reactions like those of benzene. 

(ie) These are cyclic? compounds containing generally five*, 
six-, or seven-member rings and are found to ha ve flat molecules. 

From the theoretical standpoint, a compound is aromatic only 
when it has a molecule containing cyclic clouds of delocalized 
ic electrons above and below the plane of the molecule. Moreover, 
the it clouds must contain a total of (4 t&+2) it electrons. Thus we 
find that delocalization alone is not enough. There must be a par¬ 
ticular number of n electrons—2 or 6, or 10, etc. This requirement 
called the 4n+2 rule or HuckeVs rule is based on quantum mechanics. 

Benzene has six tc electrons, the aromatic sextet. Naphthalene 
is made up of two fused benzene rings while anthracene and 
phenanthrene are made up of three fused benzene rings. Besides 
these there arc some heterocyclic compounds which are clearly 
aromatic, c.g., pyridine, pyrrole, thiophene and furan. Each one of 
these has the aromatic sextet 



H 


Benzene Naphthalene Pyrrole Furan Thiophene 

(6 it electrons) (10 7t electrons) (each contains 6 tc electrons) 

In addition to these neutral molecules there are a number of 
monocyclic ions which are aromatic according to Huckel’s rule. 
For example. 



Cyclopentadienide Cyclohcptatricny I Cydopropeny 1 
anion cation cation 

(6 w electrons) (6 tc electrons) (2 tc electrons) 


. Monocyclic compounds having alternate double and single bonds are 

givena general name Anoulenes. The ring size of an annulene is indicated by a 
number in brackets. For example benzene is [6] annulene and cydooctatctraeno 
ts [8] annulene. However, these names are often used only for conjugated rings 
•ilO or more carbon atoms. 
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Those ions or radicals which do not satisfy Huckel’s rule are 
not aromatic. For example 



Cyclopentadienyl Cyclopcntadicnyl 

cation radical 

(5 n electrons) (5 « electrons) 

[Both Non-aromatic] 


Aromaticity may thus be defined as follows : A monocyclic 
compound is aromatic if it has a reasonably planar cyclic structure, 
has (4n4~ 2) n-electrons and possesses unusual stability due to delocali¬ 
sation of rr-electrons. 

7. Toluene, Methylbenzene or Phenylmethane, C,H 5 GH 3 . 

—Toluene was obtained by the dry distillation of Tolu ba],sam 
whence it derives its name. It is commercially known as toluol. 

Preparation. It can be prepared by any of the general me¬ 
thods of preparation of homologues of benzene. It is, however, 
obtained commercially : 

(i) Front coal-tar. 50% benzol is obtained by the fractional 
distillation of light oil—a fraction of coal-tar distillation as given on 
page 2 474. It contains a targe percentage of toluene which can be 
separated by subjecting it to fractional distillation. The fraction 
distilling over between 381-383K, which is toluene, is collected. 

(ti) By catalytic dehydrogenation of n-heptane or methylcyclo- 
hexane (both obtained from petroleum). 

CH a (CH a ) 6 .CH* + C«H 5 .CH s +4H a 

n-heptanc Toluene 

Properties. Toluene is a colourless liquid (b.p. 384K) with 
benzene-like odour. It is insoluble in water but soluble in alcoho 1 
and ether. Its chemical properties have already been discussed (see 
pages 2‘479’2'486). 

Uses, (i) Toluene is a commercial solvent. 

(it) It is used in the manufacture of explosives (e.p., TNT), 
drugs and dyestuffs. 

(tit) It finds use in the manufacture of saccharine and printing 

inks. 


(iv) With petrol and benzene, toluene is used as an antifreeze. 
8. Xylene, Dimethylbenzene, C 6 H 4 (CH a ) l .—Xylene shows 
position isomerism and is isomeric with ethylbenzene. The four 
isomcridcs represented by the molecular formula G 8 H 10 are : 

CH, 

ii 





«*Xylene 

<b.j>.4t7K) 


/w-Xylonc 
(b.p. 412K) 


p-Xylene 
(b.p. 41 IK) 


Ethylbenzene 

(b.p.409K) 
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Xylenes can be prepared using general methods of preparation 
of homologues of benzene. These are all colourless liquids insolubo 
in water but soluble in alcohol and ether. 


On oxidation o-, m- t and p- xylenes give o-, *»-, and p-benzene* 
dicarboxylic acids respectively. 

y CH a [O] /COOH 

C # H 4 < -► c 6 h/ 

X GH, ^GOOH 


< un ( L^J /uuun 

-► c 6 h/ 

GH, X200H 

Xylene Benzenedicarboxylic acid 

Xylenes are used in the manufacture of lacquers and as solvent 
for rubber. Their amino-derivatives are used in the manufacture or 
dyes. 

9. Mesitylene, 1:3: 5-Trimethylbenzene, G B H 3 (GH a ) B .— 

Mesitylenc occurs in coal-tar. It is, however, prepared by conden¬ 
sation of acetone (by distilling it with concentrated sulphuric acid) 
or by polymerisation of propync in presence of cone. H a SO.. 

Properties. It is a colourless, pleasant-smelling liquid (b.p, 
337K). On oxidation with dilate nitric acid the three methyl groups, 
attached to the nucleus are successively replaced by —GOOH groups, 
and give 

GH 3 GOOH GOOH 


HgG's^s^COOH 

Mesitylemc acid 


HaO^v^GOOH 

Uvitic acid 


HOOGk^^COOH 

Trimesic acid 


10. Cymene, CH.C.H^CHtCH*),. p-Methylisopropylbeazene.—It occurs, 
in oil of thyme and eucalyptus oil. It is related to camphor and other terpenes, 
Cymene (b.p. 450K) can be prepared by heating turpentine oil. 

11. Cumene, Isopropylbenzene, C,H 4 .CH(CH a ),.—It is a liquid (b.p. 426K)» 
and occurs in coal-tar. 

12. Styrene, Phenylethyleoe, Vinyl benzene, C a H f .CH»CH l .—It occurs in* 
coal-tar and storax (a balsam). It can be prepared— 

(0 By dehydration of 1-phenylethanol wtih sulphuric acid. 

H.SO., Heat 

C.H.CHOH.CH, --► C.H.CH—CH. 

—H|0 Styrene 
(/I) By heating 2 -phenylethanol with alkali. 

C a H l CH l .CH 1 OH-* C.H.CH-CH.fH.O 

(///) By heating cinnamic acid with a little quinoi (Laboratory method). 
CtH.CH-CH.COOH-+ C.H.CH-CH.+CO, 

A small quantity or liquid is placed in the receiver to prevent polymerisa^ 
tion of styrene. 

(iv) By catalytic dehydrogenation of ethylbenzene ( Manufacture ). 

ZnO, 900K 

C b H|CH|.CHi -•+ C i H,.CH-CH l +H I 

Ethylbenzene is prepared by Friedel-Crafta reaction. 

AlClg 

C.H.+CH.-CH,-► C.H.CH..CH, 

HC1 
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Properties. It is a colourless liquid (b.p. 418K). With bromine it giver 
the dibromide and is readily reduced to ethylbenzene. 

C e H f CH-CH 1 +Br,-C.H.CHBrCH.Br 

Styrene dibromide 

It polymerises slowly to metastyrene (a solid) on standing and rapidly 
when exposed to sunlight or in presence of sodium. 

Styrene m used in the manufacture of plastics and synthetic rubber. 

13. Comparative Study of Benzene and Toluene. 


Benzene 

Toluene 

Points of Similarity : 


(0 Nitration. With concentra¬ 
ted mine acid+concentrated sulphuric 
acid benzene gives mono-, di- and tri- 
nitrobenzene. 

Toluene on nitration gives mono 
and trinitrotoluene. 

(«/) Sulpbonation. With hot con¬ 
centrated sulphuric acid it gives ben- 
zenesulphomc acid while with oleum 
it yields ben 4 ene-m-disulphonic acid. 

' Gives o- and p-toluenesulphomc 
acid with hot concentrated sulphuric 
acid. 

(itf) Halogenation in presence of halogen carriers in cold and dark. 

Substitution in the nucleus gives 
mono-, di- and trichloro- or tnbromo- 
benzene. 

Substitution takes place in the 
nucleus to give o- and p- chloro- of 
bromo-tolucne. 

f/v) Friedel-Crafts Reaction. Reaction mth halogen derivatives in presence 
anhydrous aluminium chloride . 

Gives higher homologues. 

Gives higher homologues. 

Points of Distinction . 

(i) Halogens lion in sunlight. 
Benzene in cold and sunlight 
gives addition products, e g., CgH.Cl,, 
C«H*Cl 4 and C,H,C1« 

Boiling toluene in sunlight gives 
side-chain substitution products, ej.. 
CiHgCHtCl, C|H K CHCla and C.H.CCU. 

(//) Oxidation. 


Benzene is quite stable and is 
oxidised only on dra^uc treatment. 

Toluene is easily oxidised to 
benzaldehyde (with CrOgCl,) or benzoic 
acid (with KMn0 4 , etc) 


1EST YOUR UNDERSTANDING 


1. From the following figure depicting heats of hydrogenation of ben* 
gene, cyclohcxadiene and cyclohcxene, determine the AH values of the following 
reactions . 


(o) Bcnzene*fHi ——► 1, 3-cytlohexadiene. 

(&) 1, 3-cyclohrxadiene-f H| ► cyclohexene. 
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t 

I 

£ 

-j 

I 

5 


YCLOHEXATRIENE + 3H 2 

T— 

i 



CYCLOHEXACHENE+ ZHg 


231-8 

(OBS) 


239-3 i 
(CALC) | 


i LYCLOHEXENE+Hz 


119-7 

(OBSj 


CYCLOHEXANE 


Fig. 36-9. 

2. Knowing that in the heat of combustion of a compound there is 
definite characteristic contribution by each kind of bond shown below : 

O-H bond=225'9 kJ. C=C bond=491*2 kj. 

C—C bond=20iV3 kJ. (c/j-7, 2, disubstituted) 

Calculate the heat of combustion of cyclohcxatrienc and compare it with 
the measured value of 330*2 kJ for benzene. 

3. Nitration by nitric acid alone is believed to proceed by tho same 
mechanism j . i.itrauon with acid mixtuic. Write down the generation of NO| + 
ion from nitric acid alone. 


* Mow '[ vn i j ^ mt fur faU ihdt hr;n'true in the presence of 
AiCl a reacts : 

(a) with n-prnpvl br"*™^ t<-> 1 benzene, and 

(b) with neoj. . ji .o jiwid leri-pentylbenzene. 

5. How can you get ethylbenzene from : 

(a) benzene and ethanol ; ( b ) acetophenone ; 

(r) styrene C.H^H^CH, ; and (d) C.H.CHOH.CH, 7 


QUESTIONS 

Essay Type: 

1. How are benzene and toluene obtained from coal-tar 7 How does 

toluene react with (a) chlorine, ( b ) nitric acid, (c) sulphuric acid and ( d) alkaline 
permanganate ? {Kerala B.Sc . 1973) 

2. What is the action of (a) ozone, ( b ) nitric acid, and (c) sulphuric 
acid on benzene ? 

Discuss the constitution of benzene. ( Kerala B.Sc . 1972) 

3. How is toluene obtained on a large scale 7 From toluene how would 
you prepare (a) benzal chloride, (6) benzaldehyde, (c) o-chlorotoluene T 

( Agra BSc. 1973) 

4. (a) Give the mechanism of the Fried el-Crafts reaction. (b) What 
method is employed Tor generation of the electrophile in each of the following 
reactions : 

(0 Halogcnation, (/») Nitration and (///) Sulphonation. 

, t „ {Delhi B.Sc, 1977) 

5. Give two reactions for the preparation of toluene. What happens when 

toluene is— {a) nitrated. ( b ) sulphonated, (c) chlorinated, (d) treated with CH-CI 
in the presence of anhydrous A1CU, (e) treated with chromyl chloride, (/) oxidised 
* lib KMn0 4 t (Delhi B.Sc. Hons. Sub . 1976) 

6. Disuss what is meant by aromatic character. 

7. (o) Explain the tertn aromaticity. What is meant by electrophilic 
substitution 7 Illustrate your answer with reference to reactions of benzene. 

(6) Give the mechanism of nitration. (Delhi B.Sc . 1974) 

S. (h> How does benzene differ from aliphatic hydrocarbons 7 
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(b) Illustrate the differences between aromatic compounds and 
olefins by comparing reactions of benzene and ethylene with respect to the 
following reagents : (t) Hydrogen bromide ; (//) Chlorine ; (///) Concentrated 
•ulphuric acid. With all reactions indicate the conditions required 

9. (a) State HuckePs Rule. How can it be used to justify the aromatic 
nature of benzene, naphthalene and anthracene 7 

(b) How are the relative positions of the methyl groups in different 
xylenes established 7 {Delhi B Sc.Hons. 1971 ) 

10. Defjne aromaticity and explain the stability of aromatic compounds 
in terms of the orbilal picture and the HuekePs rule. Mention the typical reac¬ 
tions of such compounds and mechanism of any one of these reactions. 

{Punjab B.Sc. 1974) 

11. (a) What is meant by Aromaticity ? State Huckel’s rule and explain 

+ 

the stability of C 7 H, cation and C t H*“ anion 

(b) Why ts alkoxy group mi benzene ring activating and ortho-para 
directing although oxygen is more electronegative than carbon r 

(G.AT.D. B Sc. 1975) 

12 What are Arenes ? How will you prepare these by briedel-Crafts 
alkylation, explain i n the basis of reaction mechanism ? What are its limi¬ 
tations ? Explain the preference of Clemmenscn or Wolff-Kishncr reaction over 
Fncdel-Crafts alkylation. {Punjab B.Sc . 1975) 

13. Discuss the stability of benzene and its derivatives based on 
</) Resonance, (n) Heat of combustion, {lit) Heat of hydrogenation. 

{G.N.D. B Sc. 1976) 

14. Explain the mechanism of Fnedel-Crafis reaction 

(Punjabi B.Sc. 1976) 

15. (a) Starting with C^HjCH—CH*. how will you prepare the 
following : 

(1) Ethylcyclohexane (tf) Benzoic acid 

(ill) p-Chlorostyrene, and (if) Polystyrene {Punjab B.Sc. 1976 ) 

16. Describe the mechanisms of ring and side-chain halogenation of 
toluene, explaining clearly the conditions under which each reaction takes place. 

17. Discuss the mechanism of Friedel-Crarts alkylation and point out 
its limitations. 

Short Answer Type : 

1. Indicate methods Tor obtaining benzene and trinitrotoluene from 
toluene f Kerala B Sc. 1973) 

2 Predict the products formed when toluene is chlorinated 

{Delhi B.Sc . Hons Sub . 1977) 

3. How can you differentiate between the following pairs of isomers 7 



CH* {Delhi B.Sc. Hons 1977 > 

4. Write equations for the following reactions : 

(i) Sodium benzoate or sodium toluate+Soda lime (heat). 

( ii) Phenol or m-Cresol+Zinc dust. 

( tit) Benzcnesulphonic acid or Toluenesulphonic acid+superheated steam 
or mineral nod (boil). 

(iv) Benzenediazoniura chloride or Toluenediazomum chloride 
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(v) Acetophenone4- Z n/Hg and cone HC1. 

. (W) n-Hexane, n-Heptane or n-Octaoe+Cr|0« at 770K. 

5. What happens when benzene or toluene is treated with the following 
in the presence of anhydrous aluminium chloride 7 

(0 methyl chloride* (tf) formyl chloride, 

(Hi) acetyl chloride, (iv) benzoyl chloride* 

(v) carbonyl chloride, (v/) chloroformamide* 

(vtf) methylene chloride, (v/ii) chloroform, 

(ix) ethylene, (x) ethanol. 

6. Complete the following reactions and write balanced equation fot 

each 

(/) Phenyl bromide 4-methyl iodide-1-metallic sodium-* 

(//) o-Bromotoluene-l-methyl bromide 4 - metallic sodium-* 

(h'i) Phenylmagnesium bromide4-methyl bromide-* 

(iv) Oxidation of (f) toluene, (li) o-xylene, (iii) butylbcnzcnc. 

(v) Chlorination of benzene and toluene in cold, dark and presence 
of halogen earners. 

(W) Chlorination of cold benzene and boiling toluene in light and 
absence of halogen carriers. 

7 Does cycioteiraenc exhibit aromatic character 7 Give reasons for 
your answer. 

8. Why does side-chain halogcnation of on alkyibenzcnc occur pre¬ 
ferentially at the benzybe hydrogen 7 Explain at length. 

[Hint. Benzybe ladieal is a general name for all radicals which have 
an unpa ncd electron on the side chain carbon directly attached to the benzene 
ring. This carbon atom is termed bcnzylic carbon and hydrogens attached to 
this carbon atom are called benzybe hydrogens. 



BENZYLl 

CARBON 


\90JZYUC 
HYDROGEN 


THE BENZYL BENZYUC 

RADICAL RADICAL 

9. Chlorination of ethylbenzene in presence of sunlight is represented 
as follows : 

hv 

C g H| CH b CH a fCIi ► C|H| CH — CHi 4- C§H ( —CH|—-CH|C! 

Cl 

Ethylbenzene 1-chloro-l- 2-chloro-l- 

phenyl ethane phenylcthanc 

(91%) (9%) 

(a) How can you justify the formation of 1-chloro-l-phenylethane as a 
major product ? 

( b ) What kind of free radical is involved in the formation of 2-chloro-l- 
phenylethanc (a minor product) ? 

(c) Name the major product you expect to be formed when >i-propy]* 
benzene is chlorinated in sunlight. 

10. Write resonance structures of benzyl cation, C,H|CH t +. 

11. Benzyl cation is more stable than a tertiary carbocation. Can you 
account for its exceptional stability 7 

12. Would you expect that the positive charge of benzyl cation It delo¬ 
calised 7 If so, over which carbons 7 

TOC*-1-84 2 33 
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13. What does molecular orbital theory tell us about the location of the 
positive charge in benzyl cation ? 

14. Knowledge of the substitution reactions of benzene nucleus and the 
reaction of side-chains of alkyl and alkenylbenzeaes is helpful in the synthesis 
of a vast mi uber of benzene derivatives. Planning a synthesis involves skilful 
decision about the order in which these reactions should be carried out. 

How will you bring about the following conversions * 
i/j Benzene into/?-BromonitTobenzene. 

(fj) Toluene into p-nitrobenzoic acid. 

(iff) Toluene into m-nitrobenzoic acid. 

(iV) n-Propylbenzene into l-(p-chlorophenyl)-propene. 

(r) Acetanilide into a-nitroaniline, 

15. Starting with benzene, toluene or aniline plan the synthesis of the 


following * 

(fl o-Acetyl toluene 
(ffi) u-Toluic acid 
(?) p-Bromoamiine 
(w/) n-Bulylbenzene 
(ijc) p-Bromobenzoie acid 
Uf) 2, 4, 6-Trinitrotoluenc 
14, Name the products you 


(//> 0 -bromaniline 
(iv) m-Chlorobenzoic acid 
(v/) 2-Bromo-4-nitmainline 
(viff) 2-Bromo-4-nitiotoUiene 
(x) 4-Bromo-2-nilroamlino 
(*//) m-Nitiobcnzyilync chloride, 
d expect from the nitration of phenyl 


benzoate. 



17. Which ring of ben/amlide is expected to undergo electrophilic 
substitution more readily ? 


18. State Hunker* rule Give an/ two examples to illustrate non- 

benzcnoid aromatic compounds. (Caliru* B Sc. 1981 ; Delhi 198!) 

19. Which of the following represents the principil nitrating species in 
the nitration of benzene with cone HNO a and cone H a SO t : 

Nor, no + t no, + , n<v ? 

Give the equation representing formation of the species, 

(Madurai fomra} B.Sc. 1981) 
20 Toluene reacts with chlorine in the presence of sunlight and in Ihe 
absence of halogen carrier to give benzyl chloride, benzoyl chloride or 
<?-and p-chlorotoluenes. Select the correct product. 

(Madurai Kamaraj , B.Sc, I98i) 

Problems : 


I. Identify the compounds A, B, C, D in the following : 

[a) A is dtchlorobenzenc which may be prepared by the decarboxylation 
of three different acids with molecular Formula C,H 4 OiCI*. 

? ) The dichlorobenzene B may be formed by the decarboxylation of only 
with formula CtHtOjCl,. 

(c) The dihydroxy benzene C can give rise to only two mono-nitro de¬ 
rivatives. 


(d) Xylene D gives only one mononitro derivative, 

1 . The oompound A having the molecular formula C*Hi« gives on 
nitration with cold concentrated nitric acid two isomeric compound* B and C 
having molecular formula C«H v NO«. 


On oxidation A gives C*H«O t fD). B and C on oxidation give the 
Isomers E and F respectively. Identify the compounds A to F. 


% On nuclear chlorination C»Hi» 
mr he o*W&ed » CsHsOiCi (O. a may 


(A) gives only one product II mhkh 
also be chlorinated to aiv* C.H.CJ, 
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(D)> CgHgCU (E) and C|H«C) 9 (F). D, E and F on hydrolysis give halogen-free 
compounds G f H and 1 respectively. With CrO.CU A gives C,H,0 (J). Both 
A and J may be oxidised to C«H»0« which is identical with L 

Identify the various compounds A to J. 

4. Two isomers A and B having molecular formula C*HjjO when dis¬ 
tilled with zinc dust yield C»Hi> <C) which on oxidation with CrO|Clf gives 
C t H,gO (D) while with other oxidising agents it gives first C b H«Oi (E) and then 
a p- compound C a Hg0 4 (F). D may also be oxidised to F. Identify the com¬ 
pounds A to F. 

5. Three isomeric hydrocarbons C t H lt (A, B, C) oxidise to CfHgOa 
(D, E, F). While D may give three different mono-ethyl esters, E may form only 
two and F only one. Identify compounds A to F. 

6. An organic compound A contains C»92’3% and H»7'7%. Its 
vapour density has been found to be 52. A is oxidised by KMn0 4 solution in 
cold and when fully oxidised gives an acid B which contains C»63 a £% and 
H»4*9%. A reacts with bromine and yields a compound C containing 60*8% 
bromine. What is the structure of A 7 

7. An organic compound A contains C=*90'57% and H=**9‘43%. On 
oxidation it gave a crystalline dibasic acid B which gave the following results on 
analysis : 

01826 g yielded 0*3872 g of CO a and 0 0594 g of H.O. The silver salt 
of the acid contains 56 8% of silver. On heating the acid it is converted into 
compound C of die formula C,H 4 O s . On distilling the acid B with lime, ben¬ 
zene is formed. Discuss the reactions and assign structural formulae to A, B, C 
and name them. 

8. An aromalic hydrocarbon A containing C=»9r3% and H=B‘7% on 
treatment with chlorine gave three isomeric mono-chloro compounds X, Y, Z 
each having 28% chlorine. On oxidation with KMn0 4 all the three gave mono¬ 
basic acids. The acid from X on distillation with soda lime gave benzene while 
those from Y and Z gave monochlorobcnzene. What formulae would you assign 
to various compounds ? 


ANSWERS 


Short Answer Questions ; 

7. No, since it does not satisfy 4^+2 rule with its R* electrons. 

8. Because benzylic radical is comparatively more stable due to 
resonance. The unpaired electron of the benzyl radical is delocalised over the 
benzylic carbon and the ortho and para carbons of the ring. 

9. (a) It involves formation of a more stable benzylic radical as 
intermediate*. 

(6) Less stable primary free radical. 

(c) 1-chloro-l-phenylpropane, 

11. Due to resonance. 

12. Over the benzylic carbon and the ortho and para carbons of the ring. 

13. Same as resonance theory—see Ans. 12. 

14. (i) By brominatlon followed by preparation of o- and p-derivatives by 
fractional distillation and then nitration of p-bromobenzene. 

(If) Nitration of toluene followed by separation of ortho- and para- 
nit rotoiuenes. p-Nitroioluene on oxidation gives p-nitrobe azoic acid. 

(/;() Toluene on oxidation gives benzoic add which on nitration gives 
m-nitrobenzoic acid. 

ffri First introduce Cl atom in thahrmimm 
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CH.OH CHO 

n n 


COOH 


CH, 


CH.OH CHO 

(G) (H) 

I H.O Ih.( 


COOH 

(I) 

!h,0 


CH. CH.C1 

cl * C1 * 


+ CH, CH,C1 

COOH p-xylene (D) 

O (A) CH, 


CHC1, CC1, 

3-0 

CHC1, CCJ, 

(E) (F) 

COOH 


COOH 

(I) 


* 

CH, COOH 

(B) CC) 

C,H, C.H, 

^"SOH Zn CrO.Cl.^X [Ol 


CHO 

(D) 


COOH 


(C) 

_J I^J 01 


COOH 


COOH 

'X.COOH 


CH, 

f^NCH. o 


-H, COOH 

A) (D) 

CH, COOH 

S^nch, o r^XcooH 


'COOH 




1 


COOH 



Benzoic add (B) 



„ Styrene 

Styrene (A) <fi bromide (Cj 



0-xylenc Phthalic acid Phthalic 

anhydride 

(A) (B) (C) 


S. 



Toluene Benzyl Benzoic acid Benzene 

| Cl, chloride (X) 


/CH| O 
C.H< a —► 

(b- A p- cbloro- 
toluene (Y St Z) 


yCOOH NaOH 

C,H 4 r --► C.H.Cl 

X C1 Chlorobenzene 

o- A p- chloro- 
benzok acid 
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Aromatic Halogen Compounds 


I. General. —There are three types of halogen compounds r 

(0 Addition Compounds, e,y., benzene hexahalides, C fl H fl Cl f 
and C 8 H 9 Br 6 . 


(n) Nuclear substitution products or Aryl halides. These 
are halogen derivatives in which the halogen is linked directly to the 
carbon of the benzene nucleus, e.g., 



Chloro- Iodo- o-chloro- m-chloro- p-chloro- 

benzene benzene toluene toluene toluene 


(m) Side-chain substitution products. These are halogen 

derivatives in which halogen is linked to the carbon of the side- 
chain, e.g., 



2. General Methods of Preparation.— 
(a) Nuclear derivatives or Aryl halides. 


(%) Direct halogenation. Low temperature and the presence 
of a halogen carrier favour nuclear si iibstitution. Chlorination and 
bromination are carried out in dark, at ordinary temperature in the 
presence of a catalyst (iron or aluminium amalgam). The amount 
of halogen determines the extent of halogenation. 


For example, chlorination of benzene with one molecule of 
chlorine gives chlorobenzene whereas two molecules of chlorine 
yield a mixture of o- and p-dichlorobenzene, the latter predominating. 


C 6 H* 

Benzene 

C 6 H s C1 


+ 

+ 


Cl, — 

(one molecule) 


Fe 

- > 

Fe 


C # HrG 1 + 
Chlorobenzene 


HC1 (90%) 


5-507 


Clj - 
(Second 
molecule) 


C.H.C1, + 

0- A /Mlichloro- 
benzene 


HC1 
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Mechanism of Chlorination. The commonly accepted mechanism in¬ 
volves the folio wins steps: 


(0 2Pe (catalyst)^ 

3C1, 

2FeCli 




»+ ». 

w 

Cl, + 

Fed, -* 

Cl-CI-FeCI, * Fed.* + CI+ 

m 

C1+ + 

C«H* 

'Cl 

(i'») 

„ + /H 
C.H,< + 

N CI 

Fccir -> 

C.H.CI + HC1 + FeCl, 



H 

Cl 



Bromination of toluene in presence of iron (using one mole¬ 
cule of bromine) gives a mixture of o- and p-bromotolucnes. 

Fe /CH 3 

C«H a CH 3 + Br a -> C 0 H 4 < 4- HBr 

X Br 

Toluene o- &. p-bromotoluenea 

Difficulty in preparing hdo-derimtiv*'&. Iodo-derivatives can¬ 
not be prepared by direct iodination because the reaction is reversi¬ 
ble ar.d hydriodjc arid produced is a strong reducing agent to 
reduce iodo-dei ivatives back to the hydrocarbon. 

C*H ft + I t ^ C.11,1 4- HI 

Benzene lodo- Hydrodic 

benzene acui 

The difficulty is overcame by carrying on the traction in pre¬ 
sence of an oxidising agent* v.g., iodic acid, nitric acid or mercuric 
oxide which oxidises the hydriodic acid to iodine, thus enabling th* 
reaction to proceed forward. 

SHI 4 HIO,-* 31, 4- 3H f O 

Thus iodobenzene can be obtained in good yield by iodi* 
nation in presence of an oxidising agent. 

ro] 

2C b H, + I,-* 2C fl H 5 I 4- H a O (36-87%) 

HNO f 

(it) Action of phosphorus pentachloride on unclear hy¬ 
droxy compounds. The hydroxyl group is replaced by chlorine 
atom, e.p., phri.ol gives chloroltenzenc but the yield is poor, the 
main product being triphenyl phosphate. 

C«H b OH 4- PC1 5 —* C e H 6 Cl + POO* 4- HC1 
Phenol Chlorobenzene 

(tit) Sandmeyer’s Reaction. When a diazonium salt solution 
is run into a solution of cuprous halide dissolved in the correspond¬ 
ing halogen acid, the diazo-group is replaced by a halogen atom (For 
mechanism see page 2 4 J6). For example, 

CuCl/HCl 

C,H*N,+C1- -» C*H a Cl 4- N, 

Benzenediazonium Chlorobenzene 

chloride 
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CuBr/HBr 

C,H,.N, + C1--* C,H,Br + N, 

Bromobenzene 
HBF t heat 

ArN a + X"-► ArN 2 +BF 4 ~-* ArF + BF 3 +N 2 

—HX Diazonium 

fluoborate 

lodocompounds muy be obtained by boiling the diazonium 
salt solution with aqueous potassium iodide. 

C 5 H 5 .N=NCI + Kl -v C.HJ + KC1+N, (74-76%) 

This is the most satisfactory method for preparing nuclear halogen 
derivatives. 

(iv) Action of bromine on silver salts of aromatic acids. 

C'HtCOOAg+Br.-» C fl H s Br+GO a +AgBr (53%) 

(6) Side chain Derivatives. 

(>} Direct halogenation. High temperature , light and absence 
of halogen carriers favour side-chain substitution , e.g. y chlorination of 
toluene at its boiling point and in the presence of light. 

Cl, Cl, Cl, 

CJltGlT,-* G t H b CH a Gl-► C 0 H B GHCl 2 -*C 3 H 6 CCi 3 

Toluene —HC1 Benzyl —HC) Benzylidenc —HC1 Bcnzylidyne 

chloride chloride trichloride 

Sido-rhain halogenation proceeds via Iree radical mechanism. 
This is became of the low bond dissociation energy of the benzyl- 
hydrogen bond, 

CHa CH a ’ 


|J + Cl* I |J t HC1 ; AH = —75 k] mor 1 


benzvi radical 


Like aliyl radical benzyl radiral is stabilized by delocalization 
of odd electron into the ring which diffuses the her radical charac¬ 
ter of the molecule. This conjugation ran be represented by orbi¬ 
tal overlap between 2 p orbital of benzylic carbon atom contain¬ 
ing odd electron and the n system of the benzene ring (Fig. 37T). 



Fig. 37*1—Delocalization of benzyl radical. 


Alternatively, the conjugated system can 
resonance hybrid of the following structures* 



The unpaired electron is delocalized over the benzylic carbon 
and the ortho and para carbons of the ring. 

In the next step benzyl radical reacts with chlorine to regene* 
rate a chlorine atom which then continues the chain. 

C,H 5 CH» + Cl, C.HbCH.CI + Cl' 

When an activating group OH or NH t is present in the ring, 
side-chain halogenation is extremely difficult, if not impossible. 
For example, 4-methylphenol on bromination yields 2, 6-dibromc- 
4-methylphenol 



OH OH 


4-Metbylphenol ?, f-dibromo-4-methylphenol 

When the side-chain is larger than a methyl group, its halogc- 
nation is more complicated, chlorination of ethylbenzene at its 
boiling point and in presence oflight first gives a mixture of a- and 
P-chloroethylbenzene and finally pentachlorocthylbcnzcne is 
produced. 

Cl, 

C 6 H 5 CH r CH a -► C fl H 5 .CHCl.CH 3 +C <I H ls CH 3 .CH I Cl 

o-isomer p-isomer 

Cl. 

- C a H 5 CCJ a .CCl a 

Pen tachlo rocth yibenze ne 

Chlorination in cold and in presence of light gives g-isomer as 
the main product. 

Cl t Cl, 

C a H 5 CH*CH 3 —► CeHjCHCJ.CH* —► C*H 6 CC1 2 .CH S 

In case two side-chains are present as in xylene both may be 
halogenated. 

yCH 3 /CHj yCH^Cl /CCl f 

C.H 4 / -C ( h/ -> C,H / -C.H 4 ( 

x gh 3 N:h 9 ci x ch 4 ci Nxii, 

Methylbenzy! Xylylene Bis-(trichloromethyl) 

chloride chloride benzene 

It is rather curious that o-xylene is not fully chlorinated while 
m- and p-xylenes give fully chlorinated products. The reason may 
be spatial effect in the case of o-xylene. 

Use of N-Bromoflaccmimide (NBS). AUylic and benzylic 
positions undergo free radical bromination readily with NBS. 
It is believed that NBS furnishes a low concentration of Br, which 
itself effects the actual radical bromination. (See page 2*33). 



iwwvtr, id flw presence of traces of- water or with polar 
substrates which undergo rapid electrophilic substitution, NBS brings 
*”8?* nuclear bromination. For example, phenol when treated with 
NBS gives p-bromophenol. 

The particularly ready attack on benzylic or allylic position i» 
due to stabilisation of the first formed radical by delocalisation. 



Generally NBS brings about broipination of allylic methylene 
group more readily than that of allylic methyl groups. For example, 
2-pentcnc gives 4-bromo-2-pt'ntene as major product, 

Br 

NBS in | 

CHj~CH 2 —GH=CH—CH S -► CH 8 —CH—CH CH—CH g 

2-pCtitetie dry CC1 4 4-Bromo-2-pentene 

(major product) 

(ti) By the action of phosphorus pentachloride on aro¬ 
matic alcohols and aldehydes, e.g., on benzyl alcohol and 
benzaldehydc. 

C e H 6 CH,OH + PC1 5 —* C 6 H fl CH 2 Cl + POCl 3 +HCl 

Benzyl alcohol Benzyl chloride 

C 6 H 6 CHO + PCl 6 -> C fl H B CHCl B + POCl 3 

Benzaldehydc Benzylidene chloride 

3. General Physical Properties of Halogen Derivatives. 

(i) Halogen derivatives are colourless liquids or crystalline 
solids, insoluble in water but soluble in organic solvents. 

Their boiling points and densities are greater than those of 
the parent arenes, 

(it) These are all heavier than water. The boiling points and 
densities of monohalogen derivatives of benzene (which are all 
liquids) are in the order : 

I odo > Bromo > Chlo ro 

(Hi) The side-chain derivatives possess an irritating smell while 
the nuclear compounds have an agreeable odour. 

4. Chemical Properties of Nuclear Derivatives (Aryl 
halides), 

(a) Reaction of the Halogen Atom. In the case of nuclear 
halogen derivatives t the halogen atom infirmly attached to the nucleus 
and is not easily displaced by OH, NH a , CN, etc . The nuclear 
derivatives thus differ very much from the alkyl halides, 

Under special conditions, however, the halogen atom attached 
to the nucleus may be replaced. 

(1) Nucleophilic aromatic substitution. 

Ar : X + : Z" Ar : Z + : X- 

($) Replacement by Hydroxyl Group, The halogen atom is 
replaced by hydroxyl when an aryl halide is heated with 10 per cent 
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aqueous sodium hydroxide or sodium carbonate under pressure (200 
atm) at about 570K in the presence of copper salt (catowy&t)* 

570K 

C 6 HjCI_ ± _NajOH-► C«H*OH + NaCl 

Pbenyl chloride^ 200 atm Phenol 

(it) Replacement by Amina group. The halogen atom is replaced 
by an amino gtoup when the aryl halide is heated with aqueous 
ammonia in the presence of cuprous oxide at 470K under pressure. 

2C fl H*Cl+2NH # +Cu B 0-►2C,H*NH*+ 2CuCl+H,0 (90%) 

(m) Replacement by Cyanide group. In an aryl bromide bromine 
atom is rrplared by a cyanide group when heated with KCN and 
cuprous cyanide in the present e of pyridine or dimethvlformamide 
(DMF) at 470K e.g>, 

KCN, CuCN 

C e H,Bi -► C 8 H*CN + CuBr 

Phenyl bromide in DMF Phenyl cyanide 

Mechanism of Nucleophilic Aromatic Substitution. 

The replacement of a hydrogen atom or a substituent attached to 
benezene nuchus by a nucleophile is termed nucleophilic aromatic 
substitution. This piocxeds in general by three types oi mechanism : 
(i) Ummolecular mechanism, (see page 2*456) 

(ti) Bimolccular mechanism, (see page 2*456). It proceeds 
via an intermediate o-comph x, the benzenomum carbanion or the 
cyclohexa-ditnyi carbaniori. t g, y 

The energy profile diagram is similar to the one given for 
electrophilic substitution on pa?v 2*455, 

(in') Elimination-addition mechanism. According to 
this mechanism it is accepted that nurlcophilic aromatic substitution 
involves two steps: (a) Idrmhtion of benzyne by a steptcue elimi¬ 

nation, Id) lowed by (b) *tn v, vise addition to benzyne to form the 
products 

For example, when chlorobenzene with carbon atom of the 
C-Cl giouf. labelled with ia C is treated with potasrium in liquid 
ammonia, aniline is obtained as follows : 



We find that the amino-group enters partly at the labelled 
carbon atom and partly at the ort&o-carbon atom* 
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Tliii prove* that conversion of chlorobenzene into aniline is 
not a simple displacement as it appears to be. It proceeds out the 
elimination-addition mechanism involving the formation of benzyne 
as an intermediate product. o-Chlorotoluene on heating with 
aq NaOH gives a mixture of 2- and 3-methylphenol. 



o-chlorotoluene 2-MethylphcnoI 3-Methvlphenol 


( iv) Activation of Halogen atom. An rlectron-withdrawing group* 
e.g,, nitro, cyano or carboxyl group when present in the ortho- or 
para - position to the halogen atom, makrs it labile and replaceable by 
other groups. For example, o- and p-chloronitrobenzenes give 
corresponding nitrophenols and nitroamlines when treated at about 
430-470K with alcoholic potash and alcoholic ammonia respectively. 


c # h 4 . 


Cl 

NO, 


o- A p- chloro- 
nitrobenzene 


C.H,/ 


Cl 


NO, 


KOH - 

( alcoholic) 


2NH, - 
( alcoholic) 


C 6 H, 


/OH 


-f KCK 


v NO, 

o- A p-nitrophenol 

/NH, 

C,H 4 < +nh 4 ci> 
N NO, 

o- A /j-nitroamlinc 


Mechanism of the Reaction. These are examples of activated nucleo¬ 
philic aromatic substitution wherein the activation of the halogen atom is 
believed to be due to the electron-withdrawing ( — 1) effect of the nitro- or 
carboxyl group 



Thus in nucleophilic aromatic substitution reaction of aryl halides the- 
presence of electron-withdrawing groups (<?.*., —NO lf —CN, —SO*H, —COOH 

—CHO, —COR, —N(CH*)j, — N| + ) activates the halogen atom. However, 
the nitro group and diazo group (—N* f ) arc by far the most powerful activators. 
On the other hand, presence of electron-releasing groups (e.g. r — NH t , —OH, 
—OR* —R) deactivates the halogen atom, 

(2) Redaction. An aryl halide, on reduction with a nickel- 
aluminium alloy in the presence of alkali, yields the parent 
hydrocarbon. 

Ni/Al 

C«H,C1 + 2[HJ-► C,H, + HC1 

Chlorobenzene NaOH Benzene 
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(3) Formation of Grignard Reagents. Aryl bromide* and 
aryl iodides but not aryl chlorides form Grignard reagents when 
treated with dry magnesium powder in dry rther. 

Dry ether 

CgHjBr + Mg-► C«H*Mg.Br 

Phenyl Phenylrnagnesiurn 

bromide bromide {Grignard reagent) 

The aryl chlorides, however, form Grignard reagents in tetra- 
hydrofuran or in the presence of some methyl iodide (termed en¬ 
train went method), 

(4) Wurtz- Fittig or FIttig Reaction. This is carried out 
by the action of an ethereal solution of an aryl halide with an alkyl 
halide in presence of sodium. 

C«H.Br + C,H,Br + 2Na -► C 6 H*.C,H 5 + 2NaBr (60%) 

Brotnobcnzene Ethyl bromide Ethylbenzene 

The reaction which - involves the usr of both alkyl and aryl 
halides is called * Wurtz-Fittig reaction or Fittig reaction (c/., Wurtz 
reaction which involves the use of alkyl halide only)* 

(5) UUmann Synthesis (1903)* When iodobenzene is heated 
with copper powder in a sealed tube, diphenyl is obtained. 

+ 2Cu-► G fi H B .C<H*+2CuI 

Aryl chlorides and bromides do not react unless there is some 
negative group o- or p- to the haJogrn atom. 

[b) Reactions of the Benzene Nucleus. The aryl halides 
can be nitrated, sulphonated and further halogenated when the 
nuclear hydrogen atom in urtho- and para - positions to the halogen 
atom is substituted, i.e.* 


G,H 5 C1 

Chlorobenzene 


c € h,ci 

Chloiobenzcne 


liNO,/H a S0 4 


/ 


Cl 


h,so. 


c.h 6 cj 


n. 


- C.H.s 

s NO, 

A /?-nit rochlorobenzene 

yCl 

-> C f H 4 < 

x SO JI H 

o- A /r-chloipbenzene- 
sulphonrc acid 

- C.H.C1, 

A p-dichl orobenzene 


Chlorobenzene 

(c) Reaction of the side^chalii* (») On oxidation side-chain, 
if any, is oxidised to a carboxyl group. For example, 


C.H, 


/ 


Cl 


C.H, 


/ 


Cl 


>H. ^ ^COOH 

o-Chlorotoluene o-Chlorobenzoic acid 

(it) On halogenation in hot and in presence of light, substitu¬ 
tion takes place in the side-chain. 

/Cl Cl, /Cl 

c-h/ rrrrt <V*/ 


CH, 


in hot and 


,n 'ch*ci 
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5. Low Reactivity of Aryl Halides. —Low reactivity of aryl 
halides has been attributed to two different factors : (t) delocatita* 

Hon of electrons by resonance ; and (it) bond energies due to differences 
in hybridization. 

(a) Resonance interpretation. Chlorobenzene considered to be 
a hybrid of structures I to V, in which chlorine is joined to carbon 


:Ct: :CU :Cl : :CL: :?f; 





T II III IV V 

by a double bond and carries a positive charge (see III, IV and V), 
whereas the oitho and para positions of ring beat a negative charge* 
Resonance stabilizes chlorobenzene and the double bond character 
of the carbon-chlorine bond makes it strongei than if it were a pure 
lingie bond. 

Keditions ol or S N 1 lype characteristic of alkyl halides do not take 

place w'»h ml halides because tht* halogen lies in the plane of the ring, a 
uucleopl he cinnot approach irnm the back side, and S N 2 mechanism cannot 

p r i U k C n r r ^, nn ^ w v th r hal gui has litie tendency to ionize 

and pwinm & N l mec'i n . ii. Hence simple aryl halide u > not react with nucleo¬ 
philes such as hydroxid * »x»^ ^ ’ o> r i nde ion or with ammonia 

under conditions that brujg *ooui displacement reaction with alkvl Wide*. 

(b) Bond energies irttarpretaiion. In aJkyl halides the carboo 
holding halogen is sp* hybridized. In aryl halides, carbon is sp* 
hybridized ; the carbon-halogen bond is shorter and stronger and the 
molecule is more stable. G—Cl bond length in chlorobenzene has 
been artually found to be 1*69A as compared with the length of 
1’77-1 ‘BoA in a large number of alkyl chlorides. 

6. Chemical Properties of Side-chain Derivative* 
(Aralkyl halides). —As will be seen from the reactions given below, 
Bidc-chain halogen derivatives behave like alkyl halides in most 
respects. Therefore, these should better be regarded as aryl-substitut- 
ed alkyl halides and not as aryl halides. 

(a) Reactions of the Halogen atom. 

(1) Replacement Reactions. The side-chain halogen \ 
derivatives are very active like halides. The halogen atom ii 
easily replaced by groups like — NH 8> —OH, — CN, — NO a etc. 

C B H R CH,crT kI OH -* C*H 5 CH*OH + KC 1 

Benzyl chloride (aqueous) Benzyl alcohol 

C^CH^ICr+ Hj NH, ^C«H*CH*NH a + HC1 

Benzyl chloride (alcoholic) Benzylamine 

C,H*S3HjCf + Kl CN flgH.CH.CN W 
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Benzyl chloride like alkyl chloride is highly reactive. The benzyl cation is sta¬ 
bilized by resonance, hence ionization mechanism is applicable to these reactions. 

QCH, CH a CII 2 CH g ®CH a 

© 

Contributing structures of the benzyl cation. 

(2) Friedcl-Crafts Reactions. Side-chain halogen deriva¬ 
tives react with aiomatic hydrocarbons in presence of anhydrous 
aluminium chloride to give their higher homologues (c/., alkyl 
halides). Nuclear halogen derivatives do not give this reaction. 

CjH, /H + 01 / CH 2 .C fi H B -^C fi H 5 .CH 2 C 6 H 6 +HCl 

Benzene Benzyl chlonde Diphenylmethane 

(3) Fittig or Wurtz-FJttig Reaction. Just like aryl halides, 

side-chain halogen derivatnes react with alkyl or ai}l halides and 
metallic sodium in dry ether. 

C,H 5 CH s )C 1 f 2Na t Cl j CH a C s II B CH 2 CH,+2NaCl 

®f. nz yj Methyl Ethylbenzene 

chl oride _ chloride 

CfHs Igi+ g Nji+C lj CH 2 C 6 H 6 ->G 6 H 5 CH 2 C 6 H 6 +2NaCI 

Chloro- Benzyl Diphenyl- 

benzene chlonde methane 

(4) Formation of Grignard Reagents. Side-chain halogen 
derivatives resemble aryl halides in forming Grignard reagents when 
these are heated with dry magnesium powder in dry ether. 

C B H 6 CH 2 Br + Mg- > C 6 U fj ,CH 2 .MgBr 

Benzyl bromide Benzylmagnedum bromide 

(5) Redaction. Side-chain halogen derivatives on reduction 
with nascent hydrogen yield the parent hydrocarbon. 

C 8 H 5 CH 2 C1 + 2[H]-V C fl H s .CHg-f-HCl 

Benzyl chloride Toluene 

(6) Reactions of the Benzene Nucleus. Both nuclear and 
the side-chain halogen derivatives possess a benzene nucleus and give 
usual electiophilic substitution reactions, e.p., nitration, sulphonation, 
and halogenation. The newly-entering group enters the ortho 
and para - positions. 

HNO, /CHoCl 

CaHgCHjCl-► C fl H 4 < 

Benzyl ^N0 2 

chloride o- & p-Nitrobenzyl 

chloride 

h,so 4 /CHjjGI 

C 6 H 5 CH a Cl-► C,H 4 < 

Benzyl x SO,H 

chloride o- d p* Chloromethyl- 

bcnzcnesulphonic acid 
Cl t in cold xQ-LCl 

C a H,CH 2 Cl-► C a H 4 < 

& dark H NqI 

halogen carrier o- d p- chloro- 

benzyl chloride 
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(c) Reactions of the side-chain. 

(i) Oxidation. On oxidation the side-chain along with the 
halogen atom is oxidised to a carboxyl group. This reaction is 
employed to know whether the halogen atom is present in the nucleus 
or the side-chain. If the halogen atom is lost during oxidation, it 
was present in the side-chain and in case it is not lost during oxida¬ 
tion it was attached to the nucleus. 


/Cl 

C„H4 

n ch 3 

0 -chloiotoluene 
(Cl attached to nucleus) 


C«H k CH,Cl 

ltcn/vl Jiioride 
(l"Y hi ucli-iham ) 


10 ] 


IO] 


c 0 h 4 


/ 

\ 


Cl 

COOH 


o-chlnrobenzoic arid 

(Cl not lost during oxidation) 


CeH^COOH 

Benzoic acid 

(Cl lost ilia mg o\iJj Hon) 


(it) Halogenation. On halo penal ion in sunlight or ultraviolet 
rays more h)tlrogen atoms of the side-chain are replaced by halogen 
atoms, Tor cxtmplj, 

n, ci 2 

C (( H > CH,C! - - C h ll,CIia 2 -— CbH r> CC! 3 

1 chloride Ben/ylidcne chloride Brnzyhdyne chloride 


7. Comparative study of Nuclear and Side-chain deriva¬ 
tives 

Points of DilT'c reiu-t* 


Nuclear Derivatives 


Side-chain Derivatives 


1 Agreeable odour. 


2 Halogen atom lirmlv jtia* lied, noi 
easd' replaced bv O'I, s''1 , CN, 
eit. 

3. D>' not g*ve Fnedel-Craf s rcacuoi^ 

wuh b^n/enc or toluene 

4. Halogen atom not affected b) 
oxidation. 


!. Irritating smell and lachrymatory 
(bring tears min ihe eyes) 

i 2. Halogen atom very ieachve ; enily 
i replaced M these groups. 

i 

3 Hwe Fncdcl Prafis reaction with 
benzene or toluene 

1. wit >le sicfc-uiain gives carboxyl 
grou T' —ihe halogen alum is thus 
Kno;ked nfl‘ 


Points ol Resemblance 

1. Both ty xrs of halogen derivatives g ve Wnr'z Fui g and Fittig reaction. 

2. both i eacl with diy magnesium powder in dr} cthci or letrahydro- 
Juian lo lurnt Cir gna'd leagcms 

3. Hv/di nucleai and sidc-di un denvaiivcs give the reactions of the 
benzene lindens, e v., nitiauon, sulphonation, further haiogenation. The new 
substituent cn.tis die on ho- and pm rt-p Ninons 

4. both typos give paicnt hvdrocarbons when ieduced with nascent 
hydrogen. 

INDIVIDUAL MITMBr.RS 

8. Chlorobenzene (Phenyl chloride), C„H 5 CI.—It can be 
prep.ucd by any of the general methods given before but it is pro- 

TOC -1S4-2'33 
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duced commercially by passing a mixture of benzene vapour, air and 
hydrogen chloride over a catalyst (copper chloride)— Rusckig process. 

CuCl, 

2C.H, + 2HC1 + O,-► 2C,H S C1 4- 2H,0 

Chlorobenzene js a colourless, pleasant-smelling heavy liquid 
(b.p. 405K ; Sp. Gr. 1*28) insoluble in water but soluble in alcohol 
and ether. It is a typical nuclear halogen derivative and its pro¬ 
perties are given under ‘general reactions’. 

It is used for the manufacture of phenol, aniline and DDT— 
an insecticide manufactured by heating chlorobenze ne an d chloral 
with concentrated sulphuric acid. // A 

Cl (f \)ci 

O Cone. H a St> 4 /\-/ 

4- CCl 3 CHO->001,011 

Chloral ' S fX* 

Chlorobenzene \ _ / 

P , />'- dichlorudiphenyl- 
trichloi oethane (D DT ) 

[* i 2 - bis (p-chlnrophcnyl)- 
1* hi -inch loro ethane] 

9. Bromobenzene (Phenyl bromide), C^H^Br.—Bromo- 

benzeno can be prepared by any of the general me.(hods (page 2'507) 
but is obtained in the laboratory by bromination of benzene in tke 
presence of a little iron powder (halogen earner). 

It is a colourless, heavy liquid (b.p. J2oK ; Sp. Gr. 1'40) and 
closely resembles chlorobenzene. 

10, Iodobenzene (Phenyl iodide), C^I.-lt may be prepar¬ 
ed in the laboratory by heating benzene anil iodine with an oxidising 
agent (nitric or iodic acid) iuu sealed lube, m by wanning an aqueous 
solution of benzenediazoniuni chloiidr \\ilfi potassium iodide. 

H !Og 

2Q1I0 *f" If t [^1 ^ 2C f H r ,l -f- H 2 0 

C^N : NGJ + KJ-► C e H,I -J- N, +- KC! 

Benzenedus/oniam Iodobenzene 

chloride 


It is a colourless, heavy liquid (b.p. 461K ; Sp. Gr, 1*801) and 
<s more reactive than phenyl chloride or bromide. lodobrnzene 
reacts with chlorine to form iodobenzene dicldorid^ which givw 
iodosobrnzene, when treated with NaOH solution. Iodosobr nzcnc 
on boiling with water gives iodoxybenzenc. 

Ch NaOH 

C.HJ-► C,H 6 IGl t -> 0*14*10 

Iodobenzene lodosobenzene 

v dichloride 

Boil 

2C f H 4 IO -> C fl HJ0 2 + C e H fi I 

lodosobenzcne with water Iodoxybenzcne 

Both iodosobenzene and iodoxybenzene explode without melt- 
-ing when heated. 

11 . Ghlorotoluenes (Tolyl chloridea), Three 

isomeric chlorotoluenes (o-, m- & p-) are known. The ortho- aad 
jma-chlorotoluenes are prepared by direct chlorination of cold 
^toluene in presence of a halogen carrier. The meta- derivatives, which 
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cannot be prepared by direct chlorination, are prepared by an 
indirect method. 


On nitration of p*toluidine after protecting the amino group 
we get 3-nitro-4-aminotolucne. This on diazotisation followed by 
reduction gives m-nitrotoluene. The yield is 62-72%. m-Nitro- 
toluene on reduction gives m-toluidine which on diazotisation follow¬ 
ed by Sandmeyer’s reaction yields m-chlorotoluene. 



These me colourless, pleasant-smelling, heavy liquids, immisci¬ 
ble with water. They resemble chlorobenzene in chemical proper¬ 
ties and on oxidation give the corresponding chlorobenzoic acids. 


/CH 3 [O] /COOH 

Cali/ C 0 H 4 ' 

X C1 X21 

o-, m-, i£ p- o- m- A p- 

Chloroioluenes Chlorobenzoic acid 


12. Benzyl chloride (Phenylmethyl chloride), G t H 5 CH 2 G! 

— Benzyl chloride is industrially prepared by passing chlorine through 
boiling toluene until the theoretical increase in weight is obtained. 

C 6 H,CH 8 -fCl a -► C a H*CH s Cl + HC1 (60%) 

Toluene Benzyl chloride 

It may also be prepared by heating benzene with formalin and 
hydrochloric acid in presence of anhydrous ZnCl f (Chloromethylaticn 
of Benzene). 

ZnCU 

G a H a + I1C HO + HC1-► C fl H 6 CH 2 Cl 

Formalin —H,0 Benzyl chloride 

Mechanism suggested for chloromelhylation is : 

ArH HC1 

GH a O+lI+v*CH 2 OH-► ArCH|OH+ri' i ArCHjCl+H.O 

The mechanism suggested above is supported by the fact that 
electron-releasing groups facilitate the reaction whereas electron- 
withdrawing groups retard the reaction. 

It is a colourless liquid (b.p. 452K) with an irritating smell. 
It is immiscible with water but soluble in alcohol and ether. Chemi¬ 
cally, it behaves like an alkyl halide. Actually the chlorine •'tom 
in benzyl chloride is more reactive than in methyl chloride. Tims 
when heated with aqueous potash, aqueous potassium cyanide Or 
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alcoholic ammonia, benzyl chloride givesbenzyl alcohol, C*H 5 CHaQH, 
benzyl cyanide, C 0 H S CH*CN and benzylamine, C 6 H B CHaNH 8 , 
respectively. Its various properties have already been discussed on 
page2‘514. 

13. Benzylidene chloride, C 0 H 6 CHC1 2 .—It may be prepared 
industrially— 

(/) By passing chlorine through boiling toluene in presence of 
light until the requisite increase in weight is obtained. 

C < ,H 6 CH 3 +2C1 2 -> C G H 6 .CHCl a I 2HC1 (g) 

Toluene Benzylidene chloride 

(ii) By the action of phosphorus pentachloride on bcnzaldchyde 
C 6 H 5 CHO+PCl 6 —-> C 6 H 5 CHC1, + POCl 3 

Benzaldehyde Benzylidene chloride 

It is a colourless liquid (b.p. 480K) which is hydrolysed to 
benzaldehyde by calcium hydroxide solution. 

C 6 H :j CHCI 2 +Cd(OH) 2 -* C G H,CHO + CaCI 2 4H s O 

It is used for the industrial preparation of benzaldehyde. 

14. Benzylidyne chloride, C fi H.,CCI,,.—It may be prepared 
by passing chlorine through boiling toluene in the presence ol light 
until the corresponding increase in weight lakes place. 

C b H,CH,+3Cl.-► CJl.CCI, i 3HC1 

It is a colourless liquid (b.p. 4$7 K) which, when heated with 
calcium hydroxide, gives benzoic acid. 

Ca(OH) a 

C e H 5 CCl 3 +2H 2 0-^ C 6 H 5 COOH 3HC1 

It is used for the industrial preparation of bcn/oic acid. 

15. Benzene hexachloride, C*H fi Cl c . —This is 1, 2, 3, 4, 
5, 6-hexachlorocyclohexane obtained by heating benzene with 
chlorine in presence of sunlight. Addition takes place by fiec radical 
mechanism. 


Cl 



Benzene Cl 


Benzene hcxachlomb 

ll can exist in eight slercoisomeric forms due to difference in 
ariangcment of H and Cl atoms on opposite sides of the ring. One 
of these isomers called v-isomcr is a powerful insecticide and acts 
more quickly than DDT. The product obtained by chlorination of 
benzene in the presence of ultraviolet light contains 12-14% of the 
7 -isomer, it is sold under the name gammaxane, an insecticide. 

17. Transition from ortho-para to meta Orientation.—Methyl 
group in toluene is o - & p-directing. Progressive replacement 
of hydrogen atoms of the methyl group by chlorine brings about a 



AROMATIC HALOGEN COMPOUNDS 


2521 


gradual decrease in electron density on the ring and a transition 
from ortho-para- to m-orientation. For example, percentages of the 
meta-nitro-derivative obtained during nitration of these are given 
below : 

C 8 H 5 GH 3 ; C 8 H 5 CH a Cl ; C^CHCi* ; C fl H 5 CCl a 

2-5% 10-15% 30-35% 60-65% 

QUESTIONS 

Essay Type : 

1. How will you introduce chlorine into the side-chain or nucleus to 
form a chlorine substitution product of an aromatic hydrocarbon? How do 
the nuclear substituted compounds differ from the corresponding aliphatic 
compounds ? 

2. Name the isomers having the formula C 7 H 7 C1. How would you 
obtain and distinguish between them ? 

3. Write notes on the reactivity of bromine in (i) Vinyl bromide, (ff) 
Bromotoluenes, and (hi) Benzyl bromide. 

4. (a) Give electronic mechanisms for the following : 

(0 Chlorination of benzene. 

(rr) Chlorine in chlorobenzene on one hand is o, ^-directing and on 
the other hand deactivates the benzene nucleus towards electrophilic substitution. 

(iff) Activation of halogen atom attached to the nucleus by the presence 
of a nitro or carboxyl group in the ortho- or para-position. 

(iv) Chlorobenzene is not reactive like ethyl chloride but benzyl chloride 
is as reactive as ethyl chloride. 

(/>) The chlorine atom in chlorobenzene is very much less reactive than 
in ethyl chloride. Explain why. ( Delhi B.Sc . 1974 ) 

5. Write a short note on DDT. 

6. Starling from toluene, how would you obtain benzyl chloride, benzy- 
iidene chloride and benzylidyne chloride ? Give equations. How does benzyl 
chloride differ from (a) chlorotoluenes and ( b ) benzoyl chloride ? 

7. («) How would you prepare chlorotoluene from toluene ? Discuss 
the mechanism of the reaction. 

(b) Explain the conditions in which chlorine enters the side chain in 
toluene. How do these products differ from chlorotoluenes ? 

(Nagpur B.Sc. 1973) 

8. Give the methods of preparation and chemical properties of chloro¬ 
benzene. {Delhi B.Sc, 1978) 

Short Answer Type : 

1. State giving equations the action of (/) aqueous alkali, (u) ammonia, 
and [iii) oxidising agents on C b HjCH|C 1 and ClC a H 4 CHs, 

2. How do products formed in chlorination of toluene behave towards 
caustic soda and oxidising agents ? 

3. Give one method of preparation of iodobenzene. What aie the 

products obtained when iodobenzene is reacted with chlorine and alkali added to 
the product ? ( Kerala B.Sc. 1973) 

4. Write an explanatory note on inert character of chlorine in chloro¬ 
benzene. {Delhi B.Sc . 1976) 

5. Give mechanism of chlorination of benzene. How is chlorobenzene 

obtained on a large scale ? ( Delhi B.Sc. 1976 Supp.) 

6. Explain why chlorobenzene is not acted upon by aqueous NaOH 
solution and alcoholic ammonia under ordinary conditions. 

{Delhi B.Sc. 1976 Supp.) 

7. Account for the fact that 2, 4-Dinitrochlorobenzene is more reactive 
than chlorobenzene when treated with sodium hydroxide. {Calicut B.Sc . 1973 ) 
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8 . Write equations for the following reactions : 

(f) Chlorination of cold benzene in presence of iron. 

(10 Bromination of cold toluene in presence of iron. 

(Iff) Iodination of benzene in presence of nitric acid. 

(fr) Phenol+phosphorus ppntachloride. 

9. What happens when Benzenediazonium chloride reacts with (I) 

cuprous chloride in hydrochloric acid ; (ff) cuprous bromide in hydrobromic acid; 
(Iff) potassium iodide ? > 

10 . Write equations for the following reactions : 

(0 Chlorination of boiling toluene in presence of light. 

(ff) Phosphorus pentachloride+(i) benzyl alcohol ; (IQ benzaldehyde. 

(ffi) Phenyl bromide heated with (0 aqueous alkali under pressure ; (ff) 
aqueous ammonia in presence of cuprous oxide under pressure, (ff/) cuprous 
cyanide in presence of quinoline. 

(tv) o- & p-chloronitrobenzene heated with (i) alcoholic potash ; (ff) 
alcoholic ammonia. 

(v) Reduction of chlorobenzene. 

11. Write equations for the following reactions : 

(a) Benzyl chloride+(/) aqueous potash ; (ff) alcoholic ammonia ; (/ff) 
potassium cyanide ; (rv) benzene and anhydrous aluminium chloride. 

(6> Oxidation of (/) benzyl chloride ; (ff) o-chlorotoluene. 

(c) Conversion of benzene into m«chlorotoluene. 

(d) Calcium hydroxide-HO Benzylidenc chloride ; |(ff) Benzyhdyne 
chloride. 

12. Name the starting material and the product of the reaction. Write 
N.R. where no reaction occurs. State the type of mechanism of reaction 
involved in each case. 



[Hints, (o) Bromocyclohexane->cyclohexene, E # . 
(ff) Bromocyclahexane^CyclobtsandU S^2 



aromatic halogen compounds 




(c) Cvclobexene-*trans-l, 2-dibromocyclohexane, electrophilic addition 
of Br, to double bond. 


(d) HOBr produced adds to double bond (e) 

(/) and (?/) NR (h) Br replaced by CN 

(f) Bromobcnzene. {)\ N.R. ( k ) NR (/) AgCl ppt. obtained. 

13 Why does side-chain halogenation of toluene proceed via free 
radical mechanism > 

14 How i r benzyl radical stabilized ? 

15 Give an orbital overlap diagram to represent delocalization o r odd 
electron in benzyl radical 

16 Give the resonance hybrid structure of benzyl radical 

17 Is side-chain halogenation possible in 4 methylph^nol } 

18 What is the utility of NBS in free radical bromination of toluene ? 
What is the eflect of piesence of water on the reaction ? 

19. What happens when 2-pentene is treated with NBS in dry CCl t ? 

20 Discuss the elimination-addition mechanism involved in the con- 
vertion of chlorobenzene to aniline 

21 Wh it is benzyne ’ What is its structure ? 

22 N rre the mechanism involved in the formation of benzene hexa- 
chlonde fiom benzene 

23 Expl nn electronically whv chlorine atom in chlorobenzene is less 

reactive than chlorine atom in benzvl chloride (Delhi B 9c. 1978) 

Problems : 

1 On mmochlorin&tion C^H, (A) gives according to reaction conditions 
either B or C and D Bon treatment with KCN followed by hydrolysis gives 
CgH.O, (L) Identify the various compounds A to E 

2 1 he compound C 8 ll B Cl (A) on treatment with KCN followed by 
hydrolysis gives C ,H 10 O* (B) Ammonium salt of B on dry distillation yields 
C which reacts with alkaline solution of bromine to give C^H^N (D) 

Another compound C,H 1b O (E) is obtained by the action of nitrous acid 
on D or by the aLtion of aqueous potash on A E on oxidation gives C l H l 0 4 
(F) which gives the inner anhydride C B H|O a (G) on heating. Identify the 
various compounds A to G. 



ANSWERS 



o-Chloro- /fr-chloro- Toluene Benzyl Phenylacetic 

toluene (C) toluene (D) (A) chloride (B) acid (E) 



CG) (F) (E) 
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1. Sulphonation. —One of the most characteristic properties 
of aromatic hydrocarbons and their derivatives, which differentiate 
them from aliphatic compounds, is their behaviour towards concen¬ 
trated sulphuric acid. Benzene when heated with concentrated sul¬ 
phuric acid forms benzenesulphonic acid by the replacement of one 
hydrogen atom by a sulphonic group, —SO a Ii or —SO a .OII. 

The process of replacement of one or more hydrogen atoms of the 
benzene nucleus by sulphonic groups is knoum as sulphonation. 
Different methods used for sulphonation are : 

(a) By heating the substance with concentrated sulphuric acid or 
oleum fuming sulphuric acid). 

C«H, ■H THO ISO.H ** C 6 H 5 .S0 3 H + H*0 

' Benzene Sulphuric Benzenesulphonic 

acid (cone.) acid 

For mechanism of sulphonation refer to page 2 4dO 

The number of sulphonic groups which are introduced depends 
upon : 

(i) Temperature, (w) Concentration of the acid, and 
(ii'i) Nature of the compound sulphonated. 

For example, in the above cases benzene with concentrated 
sulphuric acid gives benzenesulphonic acid. With oleum it gives 
tn-benzene disulphonic acid (Two —SO a H groups are introduced). 



Benzene- Benzene m-Benzene-di- 


sulphonic acid sulphonic acid 

In all, a maximum of three sulphonic groups ran be introduced 
in benzene, the trisulphonic acid is obtained by continued heating of 
benzene with oleum. 

Presence of groups like —CH 3 , —NHj, —OH, etc., in the 
nucleus helps sulphonation while presence of —COOII or —SO s H 
group, retards it. Very few catalysts are known for sulphonation— 
the salts of mercury, silver and vanadium and iodine appear to be the 
best. 

(6) By treating the substance with chlorosulphonic acid and 
carrying out the reaction in carbon tetrachloride solution, 

C 8 H s |H + Cl|SO a H-► C 0 H 5 SO 8 H + HG1 

Benzene Chlorosul- Benzene- 

phonic acid sulphonic acid 

2'524 



»UL*HONIC ACIDS 2*525 

Sulphonic acid is obtained when one molecule of chlorosul- 
phonic acid has been used while excess of the reagent results in the 
formation of sulphonyl chloride. 

C s H,.S0 3 H + C1SO.H - C 8 H 5 .S0 2 C1 + H 2 S0 4 

Benzencsulphonic Chloro- Benzenesulphonyl 
acid sulphonic acid chloride 

(c ) By (renting the aromatic compound with sulphuryl chloride 
in presence oj anhydrous aluminium chloride when a sulphonyl 
chloride is obtained. 

AiCln 

ArH + S0 2 Clo-> ArSO.Cl l-HCl 

When a compound having an o - and p- directing group is 
sulphonated with sulphuric acid or oleum, the temperature of the 
reaction afl'ects the ratio of the yields of the o - and /^-isomers. Lower 
temperatures in general favour o-sabsUturion while higher tempera - 
tine's favour p-suhstitution. A mixture of the o- and /?-isomer is 
however, obtained every time. 

Presence of water also affects the ratio of the various isomers. 
Wiih concentrated sulphuric acid (98%) the product is either o- & 
/>-isomers with a little of the m-isomcr or it is mainly the w-isomer 
with a little of o- and p-isomers. With oleum the yield is either 100 o/ o 
oitho and pain or met a. For example, in sulphonation of bromo- 
ben/ene or nitrobenzene., we have 


Br Br Br Br 



2. Isolation of Sulphonic acids.—Sulphonic acids are very 
soluble in water and non-volatile. This makes their isolation very 
difficult. Some of the methods employed for their isolation are : 

(/) When the sulphonic acid is not very soluble, it is isolated 
by cooling the sulphonating mixture and filtering through glass wool. 

(ii) In some cases sodium sulphonatc is precipitated by allow¬ 
ing the sulphonating mixture to flow into a saturated solution of 
sodium chloride (r/. salting out of soap). 

(Hi) In another method commonly used, the sulphonating mixture 
is neutralized with lead carbonate. Insoluble lead sulphate is filter¬ 
ed off and the soluble lead salt of sulphonic acid is decomposed 
with hydrogen sulphide and filtered. The filtrate is evaporated to 
dryness under reduced pressure. 
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3. Physical Properties of Snlphonic Acids.—As expected 
from their structure the physical properties are characteristic df 
highly polar compounds. They arc more soluble in water than in 
organic solvents. In aqueous solution they are completely ionized, 

ArSO,H + H,0-► ArSOj" + H a O+ 

They are also soluble in certain other polar solvents including 
sulphuric acid, but insoluble in the usual organic solvents* These 
are compounds with low volatility and generally decompose before 
the boiling points arc reached. Since these are highly deliquescent 
and difficult to purify, these arc conveniently prepared as salts and 
used in this form. # 

4. Reactions of Snlphonic acids.—The more important 
reactions of aromatic sulphonic acids are summarized below : 

(1) Reactions involving H-atom of the —SO a H group 
(Salt formation). 

ArSO a H + H a O ->■ ArSO a - +H a O* ( Completely ionized) 

They neutralize alkalis, decompose carbonates and dissolve 
metals—H-atom is replaced by the metal radical, 

2ArSO a H + 2Na 2ArSO a Na+ H 2 
Sodium salt 

ArSOslH + HO|K -*■ Ar SO s K + H.O 
~ Potassium salt 

2ArSO a H + Na 2 C0 3 2ArSU 3 Na+ C0 2 +H,0 

We have seen that the carboxylic acids owe their appreciable 
acidity to the effect of the acyl group RCO—. On the release of H + 
from the —OH group, the negative charge of the carboxyl ate anion 
is dispersed over two oxygen atoms. 

yO — + 

C.H.Cf + H 2 0 <-H s O + C,H ( -CQ V© 

x OH x O J 

In the same way sulphonic acids owe their powerful acidity to 
the effect of sulphonyl group, ArSO,—. Greater acidity of sulphonic 
acids as compared with carboxylic acids is due to— 


(») presence of two different elements in the two groups— 
sulphur in sulphonyl group (ArSO,—) and carbon in carbonyl group, 
RCO— or AiCO —) and 


(t») the fact that in sulphonyl group theie are two oxygen 
atoms to help accommodate the negative charge of the anion and only 
one oxygen in the acyl group. The negative charge of sulphonate is 
dispersed over three oxygen atoms : 


O 

I 

C.H,—S— OH+H s O 
fl 

o 


o 

i; 

■-.H,0+ +C,H 6 -S^O 
I: 

o 


e 


w 

Although two oxygep atoms of the sulphonyl group promote 
the ionization of hydrogen they appear to make the replacement of 
the —OH group more difficult. Thus only its replacement by Cl 
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directly is possible ! esters and amides have to be prepared indirectly 
from the sulphonyl chloride. 

(2) Reactions involving —OH group of the snlphonic 
group (SO b OH) . 

(a) Witli phosphorus halides, e.g., phosphorus pcntachloride* 
the —OH group is replaced by a halogen atom. 

G # H 5 SO g OH + PCI, -► C fl H 6 SO g Cl + POC1, + HC1 (^ea) 
Benzenesulpho* Benzenesulphonyl 

nic acid chloride 


(ft) Dehydration . Sulphonic acid anhydrides have been pre 
pared by heating the acid with excess of phosphorus pentoxide. 

1*A« 

2C fl H fi ,S0 3 0H-► (C 5 H 5 S0 2 ) 2 0 (70%) 

■“HiO 

(3) Reactions involving the whole of —SO a H group, 

(a) Dmdphonation or Hydrolysis. Sulphonation reactions 
are reversible as explained on page 2 4H0 . Sulphonic acid can, there- 
lore, be readily desulphonated, i.e,, hydrolysed. It is not hydrolysed 
by heating with aqueous alkali or mineral acid. But on boiling 
with dilute hy drocliloijc acid under pressure at 4?0-470K a it gives 
benzene by hydrolysis. 

___ HC1 

C„H B !SO a H-—> C 6 H e + H a S0 4 ( v.g .) 

420K Benzene 

In some cases the sulphonic acid group may be eliminated by 
mere steam distillation. This makes sulphonation useful in the pre¬ 
paration of certain compounds. For example, o-chlorotoluenc is 
prepared as follows : 

GH 3 GH 3 GH s CH„ 

CldteUuTtion (^j) C ' 

SO # H SO,H 

Toluene ^-Toluene- o-chloro toluene 

sulphonic acid 



(ft) With Solid Alkalis . The acids or their sodium salts on fusion 
with solid alkalis give phenols. 

Fuse 

C.HjISOgNa + NaJOH-► C,H 5 OH + Na.SO, {g.-v.g.) 

Sodium ( Solid ) Phenol 

benzene- HC1 f ± NaOH 

sulphonate C fl H,ONa 

Sodium phenoxide 

(e) With Metallic Cyanides. Sodium or potassium salts of the 
acids when fused with a metallic cyanide give aryl cyanide which 
can further give aromatic amines and aromatic acids on reduction 
and hydrolysis respectively. 



Pot. benzeno- 
■ulphonate 


C a H s CN + K»SQ* 

Phenyl 

cyanide 


(/*.) 
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4H Hydrolysis 

C«H s CH,NH 2 «-C b H 5 CN -i CsHsCOOH 

Benzylanine Phenyl- — NH S Benzoic acid 

cyanide 

(d) With Sodamide. Sodium salts of the acid, when fused with 
sodamide, give amino-compounds. 

C 6 h;sO^FT~N^ lNHs-► C 8 H 5 NH a + Na*SOj ( f.g.-g.) 

Sndamide Aniline 

(e) With Potassium hydrogen sulphide . Potassium salts of 
sulphonic acids when fused with potassium hydrogen sulphide give 
ihbphcrwls. 

Ar I T 1 SH - -> ArSH -|- K 2 SO s (/. g.) 

Thiophenol 

(/) Replacement of sulphonic group by Nitro group . Very often 
the suiphomc group is readily replaced by nitro group. Nitro deriva¬ 
tives of compounds which are easily oxidised by nitric acid are first 
sulphonated and then nitrated. For example, phenol is coverted 
into picric acid as follows : 


OH 

o 

Phenol 


OH 


OH 


h*so 4 



so.h 


■f" 



HNO., 


SO s H 

o- & p-hydroxybenzenesulphonic acids 

OH OH OH 

O«Nr^^>,S0,H 0 2 N^^N0 2 HNO, OjN^^NO 

+ 


no. 


SO a H 


NOx 
Picric acid 


(g) Replacement by Halogen atom . Sulphonic group present 
in a position o- and p- to a hydroxyl or amino group can be replaced 
by a halogen atom. For example, sulphanilic acid forms .v-tribromo- 
aniline when treated with bromine. 


nh 2 nh 2 



S0 3 H Br 


(4) Reactions of the Benzene Nucleus. Jt can be nitrated, 
halogenated and further sulphonated forming meta derivative in 
each case, as the main product, 

SO a H S0 3 H 

O Conc. HjSO. y\i 4 H,0 
(H ~+ HO lNO, > ‘k^^NO a 

Fuming ^-nitrobenzene- 

nitric acid sulphonic acid 
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SO,H SO,H 



Benzenesul- m-chlorobenzene- 

phonic acid iulphomu acid 



+ HO| SO s H 

Fuming 
sulphuric acid 


SO.H 



m-Benzenedisul- 
phonic acid 
(main product) 


■iiici 


+ 


so 8 h 



so 8 h, 

(smaII amount) 


Continued heating of the m-isomer with sulphuric acid results, 
in its rearrangement to the p- isomer. fl-Benzciietrisulphonic acid* 
-S obtained by heating benzene 7n-disulphomc acid with fuming sub 
phone arid. 


so 3 i I 

Fuming 


SO a H sulphuric acid 

m-bcnzcnc- 
disulphonic acid 



SO a H 



A-Benzene- 
tnsulphomc acid 


Uses. Due to the ease with which the sulphonir gioup cm* 
be replaced by other groups, sulphonir acids are valuable synthetic 
reagents. Further, since the presence of a sulphonic group makes 
the compound soluble in water, sulphonation is an extremely import’ 
ant process in the manufacture of dyes and diutis. 

5. Benzenesul phonic Acid, C 6 H 5 .SO a H. 

Preparation. Benzeiiesulphonic arid can be readily prepared 
bv hcatmg benzene with com eutiaied sulphuric acid at 3*j()K. 

0 H U h H ~ HO |SQ a II ^ C.H 5 .SQ a U + H a O (75-80%) 

Benzene Sulphuric Benzencsul- 

acid phonic acid 

The reaction is icveisible and removal of water from the rear- 
tion mixture is, therefore, necessary to obtain the maximum >icld. 
This may be done by using oleum (H 2 S 2 C) 7 or IT^Ot-f-SO s ) which 
lemoves water chemically. 

so 3 + h 2 o —► u 2 so 4 

AllmuUiviIy, the naction is carried out at higher temperature’' 
or under reduced pressure. 

Gxpt. A mixture ot benzene (1 part) and conciuitrated sulphuric aod 
(2 parts) is taken in a round-bottom flaA fitted wrh reflux condenser and hcau d 
on a sand bath until whole of benezne is dissolved. The reaction mixture is 
poured in water and treated with barium carbonate (wevr) when unused sul¬ 
phuric acid is precipitated as barium sulphate and filtered off. Bcnzenesulpshonic 
acid forms its barium salt which, being soluble, remains in solution. 
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H,SO t + BaCO, -#■ . BaSO« + CXX 4- H.O 

Insoluble 

2C 6 H 6 S0 8 H + BaC0 3 + CO,+ H 4 0 

Barium bcnzene- 
sulphonate {soluble) 

The filtrate is treated with dilute sulphuric acid (calculated quantity) to 
tcgenerate benzenesulphomc acid, This is concentrated to crystallization on a 
water bath and crystals obtained. 

For Manufacture of Benzenesulphonic acid, the same 
method is employed with the only difference that the operation is 
carried out in a steam-jacketed pan fitted with a mechanical stirrer. 

Properties : Physical. It is a colourless, crystalline substance 
(m.p. 317K) crystallizing with lj molecule of water. The anhydrous 
acid melts at 288K. It is very deliquescent and highly soluble in 
watei and alcohol. The solution is strongly acidic (about as strong 
as sulphuric acid). Its barium and lead salts are soluble in water. 

6. Benzene sulphonyl Chloride, CgH^SOjCl. 

Preparation. It ran be prepared by heating bcnzcnesulphonic 
acid or its salt witli phosphorus pentarhlondr on a water bath. 

C 6 H 5 .SO a OH-f PCl 6 ->C fl H ft SO a .Cl +POCl 8 + HC1 [g.-ex.) 

Bcnzenesulphonic Benzenesulphonyi 

acid chloride 

C 6 H 6 SO 1 .0Na j-PCi B ^C fl H fi .SO a Cl+POCl a + NaCl (75-80%) 

Sodium salt 

It is, however, usually prepared by treating benzene with 
chlorosul phonic acid (g/r^). 

C 0 H b + 2Cl.SO a IJ->G n H 5 SOjClH-H.S0 4 +HCl (75-77%) 

Properties and Uses. It is an oily liquid (b.p. 519K, with 
decomposition) soluble m ether and having char At ter is tic pungent 
smell. Chemically it resembles an acid chloride as shown by its 
reactions. 

(0 Hydrolysis. It is fairly stable and is decomposed only very 
slowly by water but rapidly by alkali. 

C 6 N 5 SO a Ci f Hfon-► C 8 H 6 SO,.OH + HCl 

Water Benzeneiulphonic 

acid 

(it) With Alcohols. It reacts with alcohols in the presence of 
alkali to form esters. 

C 6 H B SQ ,/Cr + '^T T|OC il H t +NaQII-»C tf H i SQ,C a H § +NaCl 

Ethanol Ethyl benzene- +H*0 

sulphonate (Eitfer) 

(in) With Ammonia. When shaken with concentrated am¬ 
monia, benzenesulphonyi chloride gives benzcncsulphonamide. 

C i H 6 S0 4 C1+2NH s -> C.H^SO.NH* + NH.C1 
Benzenes ulphonamido 

(*») With Amines * It reacts with primary and secondary amines 
to form iV* substituted sulphonamidea, 
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RNHp + C\SOfi $ ti g —* RNH.SO*C«H E + HC1 

A-ftlkyibenzene- 
sulphonamide 
(Soluble in alkali ) 

R t N|H > CJSOAH, —► RaN.SOaC.H 5 + HC1 

JV, A-dialkylbenzene- 
sulphonajnide 
(Insoluble in alkali ) 

This reaction Is used for the separation of primary, secondary 
and tertiary amines (Hineberg's method , chapter 27). 

7. Between edisulphonic Acids, —On heating brnzene with 
excess of fuming sulphuric acid at 470K, we get benzene-m-disul- 
phonic acid (main product) and a small amount of the p-isomer. 
Continued heating of the m-isomer in sulphuric acid causes it to 


rearrange to the p-isomo". 

Benzene-o-disulphonic acid cannot be prepared directly. It is 
obtained from ra-dmirio-benzrnesulphonic acid as follows : 


so 3 ii 


O SO3II h*S0 4 fs'" ^iSO.H Diazoiise ami fs'' 

steam-distil"* 

NH, NH, 

When fused with solid KOH both in- and p-bcnzenedisulpho- 
nic .it uls lonn rrsou mol whnras thr r;-isomer gives catechol. 

8. Toluenesulphonic Acids -When toluene is sulplionated 
with concentrated suiphunc acnj a mixture of 0 - nnd p-toluene- 
sulphonic acid is obtained. Low temperatures (below J70K) favour 
the formation of the o-isuruer while high temperatures (above 370K) 
favour the formation of the p -isomer. 

CH, C1I 3 ' CH a 

H.so, r^sso.H . 


SO s H 


SO,H 


Toluene 


SO a H 

(45%) 


A much better yield of the o-isomer m.jy bp obtained by sul- 
phouatinx toluene with chlorosulphonic arid at low temperature*. 


Q ciso.h ^SO a Cl Y\\ 

(below 370K) + Ljl 

SO,C! 

85% Small amount 

(oil) ( solid m.p. 342K.) 

The two chlorides are separated by filtration and converted 
into the coi responding sulphonic acid by heating with alkali aad 
then acidifying the solution. 

For separation of o* and p-isomers, these are first converted 
into the sulphonyl chloride and then separated as given above. 
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Both o- and jt>-isomers are crystalline solids with melting points 
340'5K and 379K respectively. o-Toluenesulphonyl chloride is used 
in the manufacture of saccharin and j>-Tolucncsulphonyl chloride is 
used in the preparation of chloramine-T, an antiseptic. 


CH, 



SO s .OH 

p-Toluene- 
sulphomc acid 



Chloraminc-T 

/CO v 

9. Saccharin [o-sulphobtnzoic imidt), Cgll^ bN/1. 

X SO/ 


Preparation. Tnlueiu d sulplion.ited with rhimnsuJphonc 
acid and the* o- and p-lolurnrsulphunyl chit/ridr s arc sepuiatrd b> 
filtration. The o isnm^r ih then ti rated with ammonia anti the 
resulting amide oxidised with permanganate when we gel o- sulph- 
amidobcnzoic acid which on healing gives saccharin. 


O ch 3 nh. ^XGH, 

S0 2 C1 l^JJs0 2 NH a 

o- Toluenesul- o- Toluenesul- 

phnn>l chloride phonamide 


0 COOH 
r>O s NH 2 

o-sulphanudo- 
benzoic acid 


Heat 

-H a O 


KMn0 4 



Pure saccharin is obtained in greater yield by oxiding oti*'u me 
sulp h o nai nid ejyitliJ^CuO*-} ]TqSQ 4 , —- 

Properties and Uses. Tt is a rrystallinr solid (rn.p. 4 4 *7K) 
about 550 times as *wert ns sugai. It is nearly insoluble in water 
but its sodium salt is very *nlublt\ Tt is, Ihcteforr, sold as its sodium 
salt. In vciy dilute solution it taMis sweet but the coneentnut d 
•elutions t«i p ir bittc i. It has n > food \aluc and is exerned i ncharig 
ed in in me. 


It is used as sweetening agent in cheap drinks and by diahenc 
patients and fat persons who .i r f* ml peimitted to use suaar. 

QUESTIONS 

Essay Type ' 

1. What is sidphonation 9 Describe the preparation of animalic sub 
phonic acids and gixe their important reactions. What are the uses of snlphona 
♦ion 7 How can saccharin be prepared from toluene ? (Ravi Shankar Ii.Sc. J972* 

2. How will you obtain a pure simple of benzenesulplionis acid rn the 
laboratory ? What happens when it is (/) fused with NaOH, Hi) treated with 
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phoephorus pentachloride, (ft7) fused with sodamidc, (rV) treated with gt mm 
Udder pressure 1 (Delhi B.Sc , /P76) 

3. Describe with essential practical details for the preparation of benzene- 
sulphonic acid. How will you prepare from it 

(0 benzonitrile. (tf) phenol, (til) benzoic acid 

(iV) benzene, (v) benzenesulphonamide, (v/) thiopbenol, 

(vif) phenyl cyanide, and (v/ii) benzenesulphonyl chloride ? 

(Delhi B.Sc. 1971 ; Ravi Shankar 1972 ; Mysore 1970) 

4. Discuss the structure of benzenesulphonic acid What are its pro¬ 
perties 7 

[Hint: Structure of benzenesulphonic acid follows from its properties. 
For example, 

(0 It contains an acidic H-atom. [ —Reaction (l) 

(i'O There is one -OH group. [ —Reaction (2)] 

(Hi) SuJphonic group is a monovalent group shown by its replacement by* 
other monovalent groups. 

From the above, structure of benzenesulphonic acid is— 



5. How can benzenesulphonyl chloride be prepared 7 What are its 
important properties ? Describe its importance in the separation of a mixture 
containing primary, secondary and tertiary amines, 
hrt Answer Type : 

1. What is sulphonation ? 

2. Name various methods used for sulphonation. Write a chemical 
equation for each. 

3. On what factors does the number of sulphonic groups introduce! 
during sulphonation depend 7 

4. Write mechanism of sulphonation of benzene. 

5. How do you explain greater acidity of sulphonic acids as compared 
with c*arboxylic acid ? 

6. Why are sulphonic acids valuable synthetic reagents ? 

7. How is saccharin synthesised 7 What is it used for ? 

8. Write equations for the reactions, between : 

(1) Benzene-Ha) concentrated sulphuric acid; (6) oleum ; (c) chloro- 
sulphonic acid using (i) one molecule ; (ti) excess ; (d) sulphuryl chloride. 

(2) Benzenesulphonic acid -f (0 sodium ; (it) caustic soda solution ; (tit) 
sodium carbonate ; (/>) phosphorus pentachloride ; (v) dijute hydrochloric acid 
under pressure at 420-470K ; (rf) P 4 O 10 . 

(3) Sodium benzenesuiphonate+(0 solid caustic soda (fused) ; ( tf) sodium 
cyanide (distilled) ; (Hi) sodamide (fused) ; (fv) phosphorus pentachloride'; 
(v) KSH. 

(4) Nitration, chlorination and further sulphonation of benzenesulphonic 

acid. 

f5) Benzenesulphonyl chloride-f(0 alkali ; (it) alcohol and sodium 
hydroxide (Hi) ammonia ; (tv) methylamine ; and (v) dimethylamine. 

9. How will you bring about the conversion of : 

(a) Sulphanilic acid into j-tribromoaniline. 

(t) Toluene into <0 0 -chlorotolucne ; (ft) chloramme-T ; (Hi) saccharin. 

(e) Phenol into picric acid . 

TtC- 1*84-2*34 
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10. Explain the mechanism of sulphonatiou of benzene. 

(Osmanla B.Sc, 1980 ) 

Hint. Write equations for the following steps involved in the sulpho na¬ 
tion of benzene: 

(j) Production of SO, from H,SO*. 

(if) Formation of o complex from C,H ft +SOi. 

(i H) Abstraction of proton from the o complex by the base (H5KV) to 
give C,H,SO i '\ 

(iV) Reaction between C,H*SO,~ and H a O+.] 

11. Sulphonation is a reversible process. With cone. H|S0 4 position of 
equilibrium lies appreciably to the right. With a high concentration of water (on 
passing steam or with dilute H a S0 4 ) equilibrium shifts to the left. It shifts 
further to left with volatile aromatic compound which distils over with steam. 

Show all steps of desulphonation when benzencsulphonic acid is heated 
with dilute sulphuric acid. 

12. In most desulphonation reactions the electrophile is a proton. 
Other electrophiles may, however, be used. 

When benzencsulphonic acid reacts wilh bromine in presence of FeBr,, 
bromobenzene is obtained. Name the electrophile in this reaction. Write 
various steps involved in the mechanism for thii> icjction. 

13. On sulphonation of toluene at 273K and 373K the following pro¬ 
portions of monosubstituted products are obtained ; 



ortho 

para 

meta 

273JC 

43% 

53% 

4% 

373K 

13% 

79% 

8% 


(n) Keeping in mind that sulphonation reactions are reversible, how 
can you account for the difference in the relative proportions of the three 
products at the lower and higher temperature ? 

(6) Which toluenesulphonic acid appears to be more stable, ortho or 

para ? 


[Hint: (a) At lower temperature the reaction is rate controlled ; at the 
higher temperature it i§ equilibrium controlled. 

(ft) p-toluenesulphonic acid is more stable than o-tolucnesulphonic acid. 

At lower temperatures the relative proportion of ortho and para isomers 
is deteimined by the rate constants of the reactions resulting in their formation. 

At higher temperatures the ortho-isomer being less stable is decomposed 
more rapidly. Thus para-isomer accumulates at the cost of ortho-isomer till 
the equilibrium point is reached.] 


1. An aromatic compound C 7 H, (A) on sulphonation gives two com¬ 
pounds D and C. The compound B on fusion with KCN gives C,H,N (D) which 
on hydrolysis yields C A H,O t (E) which on oxidation forms phthalic acid. Identify 
the compounds A to E. 

2. On disulphonation followed by fusion with NaOH and acidification, 
an aromatic compound C b Hm (A) gives two isomeric compounds B and C 
(molecular formula C'HxtOt). Oxidation of esters of B and C followed by 
hydrolysis gives two isomeric compounds D and E (C,H a OJ which may b m 
decarboxylated to form C f H<Oi (F), Identify the compounds A to F. 

3. Xylene (A) gives on mono-sulphonation only one substance (B) which 
on fusion with solid NaOli followed by acidification gives the phenol C. Identify 
the compounds A to C, 
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CH, CH, CH, 

Qr H m Qr jss O cooh 


ANSWERS 

CH, 


e-Tolueneaul- 
phonic acid (B) 

CH, 

o 


Toluene 

(A) 


2-Methylbenzene - 
carbonitrile (D) 


CH, 


o-Toiuic 
acid (E) 

I o 
* 

COOH 


H,SO, 



SO.H ' 
p-Toluenesul- 
phonic acid (C) 


Qcooh 


Phthalic 

acid 


2 . 



COOH 
OH 


Ethyl¬ 

benzene 

(A) 

The same as 

+ •• 

C,H, 


Cr- O 


• • 


OH 

4-Ethyl-l, 3- 
Benzenediol (B) 


OH 

2, 4-Dihydroxy- 
benzoic acid (D> 

I-CO, 


HOf^j'lOH 

kJ -a 


HOI 


J. 


2-Ethyl-1, 3- 
Benzenediol 
(C) 

CH, 


COOH 

Or 

2, 6-Dihydroay 
benzoic acid 
(K) 


—co, noH 

k/ 

OH 

1. 3-Benzenediol 
(F) 


CH, CH, 

o »oo 


CH, 


Fusion with 
NaOH and 


acidification 


CH, 
p-Xylcne 
(A) 


CH, 

2, 5-Dimethyl- 
bcnzenesulphonic 
add (E) 



OH 


H, 

2, 5-Dimethyi- 
phenol (C) 
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Aromatic Nitro Compounds 


1. Nitration. —One of the characteristic properties of aromatic 
compounds, which serves to distinguish them from the aliphatic com¬ 
pounds, is the case witli which they react with concentrated nitric 
acid to form nitro derivatives. In this reaction one or more hydrogen 
atoms of the nucleus are replaced by nitro groups. The process 
of replacement of one or more hydrogen atoms of the benzene nucleus 
by nitro groups is known as Nitration. 

Various reagents used for direct nitration of aromatic com¬ 
pounds are : 

(») Concentrated nitric acid (Sp. Gr. about 1’5) 

(it) Fuming nitric acid (nitrogen dioxide dissolved in concentra¬ 
ted nitric acid). 

(in) Nitrating Mixture , It is a mixture of nitric acid (concentrated 
or fuming) with concentrated sulphuric acid. Sulphuric acid serves 
to protonate HNO a and produce nitronium ions (+NO a ). Glacial 
acetic acid is sometimes used instead of sulphuric acid. Boron 
trifluoride is an effective catalyst for nitration particularly for 
nitrating compounds containing a negative group. 


up 

CeHsNO, * HNO,-J 



H a O 


For benzene and its derivatives of comparable reactivity 
nitrating mixture is generally used. Less reactive rings require the 
use of fuming nitric acid or fuming sulphuric acid or both. For 
more reactive rings like mesitylene nitration is carried out with nitric 
acid in acetic acid or acetic anhydride. 



mesitylene 


fuming HNO, 


in (CH.COl.O 
290K 


NO a 



CH, 


nitromesitylene 


(74-76%) 


Experimental work on nitration has shown that nitration with 
acid mixture is due to nitronium ion believed to be formed (as given 
under mechanism). The existence of nitronium ion has been confirm¬ 
ed by experiments. 


2*336 
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Mechanism of Nitration. Nitration with acid mixture possibly proceeds as 
follows: 


0 

(0 HONO.+2H.SO, ** NO, + 
Nitronium ion 

© /° 

i.e., HONO, + H.SO, -► HO—Nf 

H 


H.O+ + 2HSO,- 
+ Hso d - 


<«) 


I H.SO, 

NO, + H,0 + + HSO.- 



Contributing structures of the 
intermediate carbocation. 


Nitration is an irreversible process as explained on page 2'48L 

(til) Acetyl Nitrate , GH 3 CO.ONO a . It has the advantage of 
introdut ing only one nitro group which enters the ortho position. 
It is, howevci, dangerous to use since it tends to explode when 
heated. 



Toluene 


Acetyl nitrate 


o nitrotoluene 


+ CH.GOOH 


Not more than three nitro-groups can usually be introduced 
&nto the benzene nucleus. The actual number oi rutro groups 
introduced depends on ; 

(i) Temperature. For example, when benzene is treated with 
concentrated nitric acid+conrentrated sulphuric acid, one nitro 
group is introduced if the mixture is warmed to 330K while two 
nitro groups enter when the mixture is heated to 370K to give 
m-dinitrobenzenc. For mononitration optimum temperature varies 
from 310K to 330K. 
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(it) Nfeture of tbe ultra ting agent. For example., concentra¬ 
ted nitric acid at 370K introduces two nitro groups in benzene 
nucleus while three nitro groups are introduced with fuming nitric 
acid. 



(hi) Nature of the substance to be nitrated! Presence of 
electron-releasing groups, e.g., —CH* —OH, —NH. facilitates 
nitration. For example, benzene is not affected by dilute nitric acid 
while phenol gives nitrophenol. Only one nitro group is introduced 
in benzene with concentrated nitric acid while three nitro groups are 
introduced in phenol when treated with concentrated nitric acid. 

OH OH OH OH 



Z : 4 :6-trinitrophenol Phenol ortho- para- 

Nitrophenols 


2. General properties of the Nitro compounds. 

(i) Most of the aromatic nitro compounds are yellow crystal¬ 
line solids ; the simplest few, including nitrobenzene, are pale-yellow 
liquids with strong characteristic odour. 

(ii) All nitro compounds are denser than water, in which they 
are insoluble but are soluble in organic solvents. Most of them are 
volatile in steam. 


(iii) The melting and boiling points gradually increase with 
Che introduction of nitro groups into the nucleus. 

M.P. B.P. M.P. B.P. 


Benzene 278’5K 353K m-Dinitrobenzene 3G3*8K 576HL 

Nitrobenzene 278*7K 484K s-Trinitrobenzene 395K 


(it?) The polynitro derivatives decompose when strongly heat¬ 
ed, often with explosive violence. Thus except for a few mononitro 
derivatives, these cannot be distilled under atmospheric pressure. 


(r) In the case of mononitro compounds the nitro group it 
firmly attached to the nucleus and cannot be easily replaced by 
other groups. In case of certain di* and polynitro derivatives or 
halogen-substituted nitro compounds, the nitro groups can, however, 
be replaced by certain other groups. For example : 

nh 2 no. 


OH 


|NO. 


o 

* -altroaniline 


Boil with 

+ . -I ■■■— 

alcoholic 

ammonia 



(NO. 


Bofi with 
&q. NaOH 


o-dinitrobenzene 


Or 


Mritropbcnol 
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(w) Their most important reaction is their reduction by various 
reducing agents (sec reduction of nitrobenzene ). 

INDIVIDUAL MEMBERS 

3. Nitrobenzene (Oil of Mirbane), C a H 6 NO,. 

Preparation : (l) Laboratory Method. In the laboratory 

nitrobenzene is prepared by the nitration of benzene with concen¬ 
trated nitric and sulphuric acids mixture at a temperature below 

330K. 

_ Cone. H*S0 4 

C 9 HjH + HOjNO,-► C,H 5 NO, +H a O 

Benzene Concentrated Nitrobenzene 


Expt. About 50 cm 1 of benzene are taken in a round-bottom flask and to 
this is added verv slowly (1 cm’ at a time) a well cooled mixture of concentrated 
nitric acid (60 cm®) and concentrated sulphuric acid (70 cm 1 ), The flask is shaken 
and cooled under tap water aFtcr each addition. When the whole of acid 
mixture has been added, the flask is heated on water bath at B25-335K for about 
an hour. Nitrobenzene forms the upper yellow layer. 

It is taken in a sen,irating funnel and the louer acid Inver is drawn off. 
The upper layer is treated with sodium carbonate solution to remove the excess 
of acid. The lower nitrobenzene layer is drawn off amt washed with water 
several times as before. It is then dried over fused calcium chloride and 
distilled uithiinair condenser. The fraction distilling over between 480K and 
484K is pure nitrobenzene. 



Fig. 39’ 1—Laboratory preparation of nitrobenzene. 

(ii) Manufacture. ^ The industrial method for the preparation 
Of nitrobenzene is also similar with the difference that here nitration 
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is carried out in the big cast iron pans each fitted with a stirrer 

and a pipe through which cold 
water (for cooling) or steam (for 
heating) can be circulated. 

Properties P fey sisal. 

Nitrobenzene is a pale yellow oily 
liquid (b.p, 484KJ with a strong 
smell of bitter almonds. It is 
insoluble in water, soluble in 
organic solvents and volatile in 
steam. Its vapour is poisonous. 

Chemical. Nitro group in 
nitrobenzene is firmly attached to 
the nucleus and is very inert. It is 
not replaced by — OH (with aqu¬ 
eous alkali) or —NH a group (with 
ammonia). The only reactions 
given by it are : 

(1) Reduction. The course of the reduction of nitrobenzene 
has been shown to take place through the following stages : 

GgHgNOg C e H a NO -> CgH^NHOH -► C„H 5 NH f 
Nitrobenzene Nitrosobcnzene PhcnylhydroxyJamine Aniline 

The nature of the final product, however, depends on the 
nature of the medium and the nature of the reducing agent. For 
example, 

(а) In Acidic Media . With metal and acid (Zn-f HC1, Sn+ 
HCl or SnGlg+HCl) nitrobenzene is reduced to aniline. 

Metai/aud 

C«H b N 0 2 + 6 [II]-+ CgHjNHg + 2H a O 

Nitrobenzene Aniline 

The intermediate products, nitrosobcnzene and phenylbydro- 
xylamine arc reduced far more rapidly than nitrobenzene and so are 
never isolated. 

(б) In Neutral Meilium . With reducing agents like aluminium- 
mercury couple, zinc dust and ammonium chloride, nitrobenzene 
is‘reduced to phenylhydroxy]amine. Nitrosobcnzene is an intermedi¬ 
ate product, not isolated. 

+2H +2H 

CgHjNOg-► C fl H s NO-► C e H*NHOH 

Nitrobenzene —-H*0 Nitrosobenzene Phenyl- 

t Intermediate product) hydroxylamine 

(c) In Alkaline Medium. When reduction of nitrobenzene is 
carried out in alkaline solution, the reduction products obtained 
above (C fl H*NO and G 6 H 5 NHOH) interact to yield dinuclear 
product*. 



Fig. 39*2—Manufacture of 
nitrobenzene. 



KOMAT1C NTTRO COMPOUNDS 


2541 


2 [H] 

C,H l NO,-- C # H*—NO 

Nitroso benzene 


—HiO C,H 5 —NO 


4 [H] I G,H 6 —N 

C,H 6 NO,-*> C,II S —NHOli J Azoxybenzene 

Nitrobcn- Phcnylhyd- 

zene roxyl amine 

(Two mol.) (Intermediate products) 

This on further reduction yields azobenzene and hydrazoben* 


zene. 


C 6 H s —NO 2[H] N 2 (Hi C fl H 6 —NH 

II -* II -► I 

C e H=—N C 6 H 6 —N C fl H 5 —NH 

Azoxybenzene Azobenzene Hydrazobenzene 

(«) (*) (c) 

By selecting a suitable alkaline reducing a^ent, any of the three 
reduction products (a), (&) and (c) can be isolated. For example, 

Azoxybenzene is obtained with alkaline sodium arsenite . 

Azobenzene is prepared by reducing nitrobenzene with sodium 
amalgam, alkaline sodium slannite or best with zinc dust and metho- 
nolic sodium hydroxide * 

Ilydrazobenztne is obtained by using zinc dust and aqueous 
sodium hydroxide as reducing agent. 

(d) Elt ct roly tic Reduction. The electrolytic reduction of aro¬ 
matic nitro compounds was studied by Haber. He observed that 
the primary or electrolytic reduction products in both acid and 
alkaline medium are the same as given above, i.e., 

C 6 H 6 NO a -► C b H 5 NO-► C fl H fi NHOH-> C^NH, 

Nitrobcn;ene Nitroso- Phenylhydro- Aniline 

benzene xylamine 

The products of these primary reactions then tend lo interact 
with one another, yielding the more complex secondary or chemi* 
cal reduction products. 

(i) A weakly an'dic solution of nitrobenzene in alcohol produces 
aniline. The yield is about 90%. 

(n) On the other hand, a strongly acidic solution of nitroben-’ 
zene yields phenylhvdroxylamine as an intermediate product which 
then isomenses to p-aminophenol. 



Nitrobenzene Phenylhydroxylamine /j-aminophenol 


(in) Electrolytic reduction of nitrobenzene in an alkaline 
medium yields all the mono- and dinuclear reduction products as 
given above. 

(2) With solid KOH. When heated with solid potassium 
hydroxide, nitrobenzene produces a mixture of o- and p-nitrophenols 
and some azoxybenzene. 
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Presence of electron withdrawing NO* group activate* the 
o- and p- positions for attack by a nucleophile. “OH. 



o-Nitmpheool 

(3) Properties of the Benzene Nucleus. Nitrolienzene^can 
be haJogenated, sulphonated and further nitrated as usual. ■ The 
meta derivative is pioduced in each case. 


NO, NO, NO, 



m-chloronitro- wi-nitrobenzene- m-dinitro- 

benzene sulphonic acid benzene 


Uses. Nitrobenzene finds use : (t) In the manufacture of ani¬ 
line, benzidine and azo-dyes, etc. 

(ii) For scenting cheap soaps and shoe polishes under the name 

oil of mirbam. 

(hi) In the manufacture of floor polishes and as a solvent. 

(tv) As an oxidising agent in organic synthesis. 

4. Meta-Dinitrobenzene.— When nitrobenzene (1 part) is 
heated with a mixture of equal amounts of (oncentrated sulphuric 
acid and concentrated nitric a< id, the main product is m-dinitro- 
benzene but o-isomer is also obtained (about 7%). This is removed 
during crystallization. 


NO, NO, 

H,SOi 

+HNO,- 

370K 



Nitrobenzene 


NO, 
m-dun tro benzene 


+H.O (73-87%) 


It is a pale-yellow solid (m.p. 3G3K), practically insoluble in 
water but readily soluble in alcohol and ether. It is volatile in steam* 
With sodium sulphide, it is reduced step-wise to m-nitroaniline and 
m-pheny lened iaminc. 



diamine 


Both the nitro groups are rigidly attached to the nuclein and 
arc not replaced by other atoms or groups (cf, o-dinitrobenzene ui 
which one —NO, is readily replaced by —OH or — NH,). 
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With an solution of K,Fe(C3N), it is oxidised to give 

2,4-dinitraphenol (main product) and 2* 6-dinitrophenoJ (small 
amount). 



benzene 2,4-dinitrophenol phenol 

It is used in the manufacture of explosives, m-phenylenedi amine 
and dyestuffs. 

5. Ortho* and Para-Dinitrobenzenes, G B H 4 (NO l ) a .— 

o-Dinitrobenzene is isolated from the mother liquor left after remov¬ 
ing the crystals of m-isomer from the mixture of m- and o-isomers 
obtained on nitration of nitrobenzene. 

In another method acetanilide is nitrated to get o- and p-nitro- 
aietanihde. 

NH’COCHj, NHGOGH s NHCOCH, 



NO, 

Acetanilide Ortho- Para- 

mtroacetanilidcs 


The isomers are separated and deacetylated to get o- and p* 
nitroanilines. These are diazotised in presence of cuprous oxide to 
get o- and p- dinitrobenzenes. 


NHCOCH, 



p-mtroacet- 

anilide 


H,0 


NH, 



|NO, NaNO f 

- y 

HCJ 


N:NC1 



NO a 



o-Di nitrobenzene 


During the nitration of amino and hydroxy compounds it is neces¬ 
sary to protect the — NH % or —OH group \n the ring before nitration 
since these compounds are very easily oxidised by nitric acid. The — NH 9 
is protected by acetylation . 

Similarly, starting with p-nitroacetanilide we get p-dinitroben- 

zene. 

p-Dinitrobenzene may also be prepared by oxidation of p-ben- 
fcoquinonedioxime with nitric acid. 
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II 

0 

II 

NOH 

jP-BeBzoquinone- Benzene 

dioxim- 

Both o- and jp-dinitrobenzenes are colourless solids with m.p. 
391K and 446K respectively. They resemble the w-isomer in their 
behaviour on reduction. 



The two nitro groups are not rigidly attached to the nucleus as 
in the case of m-dinitrobenzene. One of these groups is readily 
replaced by —NH,, —OH or —OCH s group. 


OH NO a NH, 

0 NO s Aq.NaOH 7| N °*-► 

* AIc N ». l^JI 


o-nitrophenol 


o-dinitro benzene 


t o-nitrooniline 


NH, 


NO a 



Ale. NH t 



CH.ONa 


NO, 

/j-nitroanlline 


no 2 

/?-dinitri>benzene 


CH a OH 



NO, 

p-nilrometboxybenzene 


These reactions are r liar act eristic of polynitro compounds hav¬ 
ing two nitro groups in o- and ^-positions. 

The mechanism of these reactions may be formulated as 
ws:(Y-OH, NII S , OMc) s 



6 . i-Tri nitrobenzene or 1, 3, 5-Trinitrobenzene, C,H 8 (NO»),. 

—»*Trinitrobenzene may be prepared by nitration of m-dinitrobenzene 
with a mixture of fuming nitric acid and fuming sulphuric acid. The 
reaction is difficult and takes about 5 days to complete. 

A better and convenient method for the preparation of s-trinitro- 
enzerte is by oxidising s-trinitrotoluene to trinitrobcnzolc add which 
n n decarboxylation gives trinitrobenzene. 



aromatic nitro compounds 


2'54* 


CH a 

O.N^NO, Na,Cr,0, 
~Ht SO f 

NO. 

^Trinitrotoluene 


COOH 



NO, 

r-Trinitrobenzofc acid 


Heat 

acetic acid 


solution 

—CO, 



NO, 

s-Tri nitro benzene 


It is a colourless solid (m.p. 395K). It give* well-defined addi¬ 
tion compounds with aromatic hydrocarbons, phenols, etc. One of 
the three nitro groups can be replaced by —NH a , —OH or —OCH» 
group as in the case of o- and p-dinitrobenzene. 



It has a greater explosive power than ^-trinitrotoluene and i&. 
used in making explosives. 


7. Nitrotoluenes, C e H 4 (CH B )NO a .—Toluene is more readily 
nitrated than benzene due to the activating effect of the methyl group. 
When treated with concentrated nitric and sulphuric acids mixture,, 
toluene gives a mixture of o- and p-nitrotoluenes. 


CH, 

C „ Concentrated 

HN0,+H|S0 4 



Toluene 


o-NJtrotoJucne 

(63-75%) 



With acetyl nitrate the o-isomer (m.p. 269K ; b.p, 495K) is 
obtained in a larger yield (65-90%). It can be separated from the 
pdsomear (m.p. 327K; b.p. 51 IK) by fractional distillation under 
reduced pressure. m-Nitrotoluene (m.p. 269K ; b.p. 500K) is obtained 
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by an indirect method. Starting with p-nitrotoluene different step* 
involved are: 



NO, NH, NHCOCH, NHGOCH* 

p-Nitrotoluene 



The three isomers on reduction form the corresponding tolu- 
idines while on oxidation corresponding nitrobenzoic acids are ob¬ 
tained. o Nitrotoluene on heating with ethanolic sodium hydroxide 
gives o-aminobenzoic acid. 

O CH, ale. NaOH r^^GOONa 
NO, * ^sJJnH, 

It is an interesting example of the oxidising effect of nitro-group 
in the internal oxidation of o-nitrotoluenc. 


These are used in the manufacture of dyes and explosives. The 
o-isomer is used as a perfume. 


8. Trinitrotoluene (TNT). —It is prepared by nitrating 
toluenr with fuming nitric acid and fuming sulphuric arid mixture. 


CH t 

H b SO« 
fuming 

+3HNO,-► 

( fuming) 

Toluene 




NO, 

2, 4, 6-Trinitrotolueno 
or ^-Trinitrotoluene 


It is a pale-yellow crystalline solid (m.p. 354K). It is used as 
an explosive in shells, bombs and torpedoes. When mixed with 
ammonium nitrate, it forms the explosive amatol . 

9. TNT a* High Explosive.— Explosives are compounds or mixtures 
which decompose producing large volumes of gases. Explosion occurs in one of 
the three way* ; (0 by ignition ; (ii) by a slight shock; (Hi) by a severe shock. 
The requisites of a good explosive to be used insido an artillery shell are * 
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(«) aminophenol, (d) ro-dinitrobenzene and (e) m-nitroaniline from nitrobenzene. 
What is the specific test for the nitro group ? {Kerala B.Sc . 1973 > 

2. Write a detailed note on the reduction products of nitrobenzene 
obtained by using various reducing agents. 

(Delhi B.Sc . Hons. 1976 ; Rajasthan 1972 ) 

3. Discuss the different methods for the preparation of aromatic nitro 
compounds. Discuss their industrial importance. 

4* Describe the method of preparation and important properties of (a) 
meta-nitro toluene, (6) m-dinitrobenzene, and (c) phenylmtromethane. 

Short Answer Type ; 

1. Give the mechanism of nitration of benzene with cone. HNO* and 

oonc. H a S0 4k ( Delhi B.Sc. Hons. 1977 , 76) 

2. What is nitration 7 

3. On what factors docs the number of nitro groups introduced during 
nitration of a compound depend ? 

4. How will )ini prepare o- andp*dinitrnbenzenes ? 

5. How do you explain the ease or substitution of one nitro group in 
a dinitrobenzene by nucleophile 7 

6. What is an explosive 7 How does an explosion occur ? 

7. Write equations lor the reactions between : 

(1) Benzcne-t-(0 concentrated nitric and sulphuric acids mixture; (ii> 
fuming nitric and sulphuric acids mixture 

(2) loluenc+(/) oonc. nitric and sulphuric acids mixtuic ; (if) fuming 
nitric and sulphuric acids mixture ; (in’) Acet>l nitrate. 

(3) Phenol + (/) dilute nitric acid ; (ii) concentrated nitric acnl. 

(4) Sulphonation, chlorination and further nitration of nitrobenzene. 

(5) w-Dmilrobenzene-j-(0 sodium sulphide ; (ii) metal+acjd ; f/i;) alka- 
reK # Fe(CN)„. 

(6) n-Nitrotolucnc heated with alcoholic NaOH. 

(7) 2, 4, 6-trinitiotoluene-t- (i) aq.NaOH ; 00 ale NH t ; f/iY) metha- 

nohe CH a ONa. 

8. What happens when o- or p-Dimtrobenzene is boiled with (/) aqueou« 
caustic soda ; (it) alcoholic ammonia ; (Hi) melhanolic sodium methoxide. 

9. How will you brim; about the following conversions : 

(/) p-nitrotoluenc into m-nitrotoluene ; (ii) o-nitro-acetanilide into 
o dirutrobenzene ; (iti) 2, 4, fi-tnmtrotoluene into .r-trimlrobenzene. 

10. Give the structure' of products when nitrobenzene reacts with the 
following ; 

(i) Zn + dil HC1 ; (ii) Zn+NH.Cl ; (Hi) LiAlH 4 . 

(Osmanta B.Sc. 1980 > 

11. Discuss the reduction of nitrobenzene in neutral and alkaline media. 

(Delhi B Sc 1981 

Problems : 

1. An organic compound C,H a (A) on treatment with fuming nitric acid 
and fuming sulphuric acid at 370K gives C r H 6 0,N s (B). On treatment with 
acidified K|Cr t 0 7 (B) gives C 7 H,0»N, (C) which when heated in acetic acid 
solution yields C f HjO,Ni (D). Identity the compounds A to D. 

2. On reduction with (NH 4 )*S o-dimtrobenzene gives CVH'OiN, (A) 
which on treatment with acetic anhydride gives CaH B 0,N, (B). This on reduction 
forms CtHmOgNi (C) which is hydrolysed by a mineral acid and the product of 
hydrolysis isomerises to CJi.ON, (D). Identify the compounds A to D. 
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ANSWERS 


CH, CH, COOH 

*■ hnS+ °* O'N^Nno, 

wT +H ' S °* 


Toluene 

(A) 


2 . 


,NO, 


0 -diniln>- 

benzene 


.NO, 



NH.COCH, 


o-mtroacetamlide 

(Bj 


Isomerisation 


NO, 

TNT 

(Bj 


Heat 0,N. 


—CO, 


[Hj 


NO, 

2, 4,6-tnnitro ■ 
benzoic acid 
(C) 

,NO. 

NO, 

TNB (D) 

sNOi (CH,C0),0 



^ ■Jno, < nw ‘). s ^ %H, 


o-niiroaniljne 

(A) 

^^Nnhoh h,o 

l^v^NHCOCH, 

fC) 

'.Nil, 

JIO^ ^Jnh, 

»U) 


O NHOH 
NH. 


TOC—1 M-2-35 



Aromatic Amino-Compounds 


L Amino-compounds or Aromatic Amines. —In the 

case df^omatic compounds, the amino group may be attached to 
the it may be present in the side-chain. Those having 

the attached to a nuclear carbon atom are called Amino- 

componn^ or aromatic amines, e.g., aniline, C B H fi NH a . Like 
aliphatic axnKs, aromatic amino-compounds, derivatives of ammonia 
as they are, ®ay be primary, secondary or tertiary according as one, 
two or all thi^hydrogen atoms of ammonia are replaced by aryl 
radicals. 


C c H ft NH« 

Phenylaminc or 
Ocnzenamine or 
aniline (Primary) 


CH 

C,n/ ' (C*H*)*NH ; (C,H,),N 

^NHf Djpheuylamine TriphenyJamine 

Methylbenzenamifie ( Secondary) (Tertiary) 

or toluidinc ( Primary) 


In case of secondary and tertiary amino-compounds, all the 
hydrogen atoms of ammonia may not be replaced by aryl groups. 
There may be both aryl and alkyl groups. Such amines are termed 
mixed, e.g., 


Gg.H 5 NH.CHa C B H B N(CH*) a 

N-Methylaniiine N, JV-Dimeihylaniline 

(Mixed; Secondary) (Mixed ; Tertiary) 

The basic character of an amino-compound decreases as the 
number of aryl groups increases, e. 0 ., aniline. C fl H B NH 2 is a weaker 
base than ammonia, diphenylamine, (C e H 5 ) a NH is weaker still while 
triphcnylaminc, (G 4 H 5 ) a N is not at all basic. Purely aromatic 
quaternary compounds of the type (C 8 II B ) 4 NX, are unknown. 

+ — 

Compounds of the type [(C 8 H 5 ) 3 N R]X are, however, known. Com¬ 
pounds containing two amino-groups are called diamines, e.g phe- 
nylenediamine or benzenediamine, C 6 H 4 (NH 2 ) 2 . 

Aromatic compounds with amino-group present in the side-chain 
are called Araliphatic amines, e.g., benzylamine, C B H 6 CH 2 NH|. 
In these hydrogen atom of the alkyl group has been replaced by an 
aryl group. They behave very much like the aliphatic amines. 
PRIMARY AMINO-COMPOUNDS 

2. General Methods of Preparation of Primary Amino- 
compounds. 

(I) By reduction of Nitro-compound^. Various reducing agents 
which may be used are tin, iron or zinc with hydrochloric acid. 

Metal 

ArNO B + 6 [H]-► ArNH a + 2H z O {v.g.-ex.) 

4-acid 

2'550 
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(2) Ammonoly&is of halogeno-compounds with liquid ammonia 
under pressure and high temperature in the presence of catalyst 
(Cu f O). 

470K 

2C a H B Cl+2NH B +Gu a O->2C fl H 6 NH E +2CuCl+H a O (90%) 

This is not a simple displacement as it appears to be. The reaction 
involves two stages : elimination and then addition . The intermediate molecule is 
termed benzyne . 

(0 Elimination stage involves two steps ; abstraction of a hydrogen atom 
<step 1) by the amide ion to form NH B and carbamon 1 which then loses halide 
ion (step 2) to from benzyne. 



I 

(if) The addition stage involves two steps : attachment of the amide ion 
(step 3) to form carbanion II, which then reacts with an acid, NH a , to abstract 
H* (step 4). 

=*• Qr 

II 

It may be that the addition involves a single step. If this is so, the transi¬ 
tion state is probably one in which the attachment of nitrogen has proceeded to 
a greater extent than attachment of hydrogen and it 
has, therefore, considerable carbanion character. 

In benzyne an additional weak bond is formed 
between two carbon atoms by sideway overlap of sp* 
orbitals (Fig. 40'1). The new bond orbital lies on the 
side of the ring, and has little interaction with the n 
cloud above and below the ring. 

Structure of Benzyne. It is still uncertain. 

Three possible structures of benzyne arc : 



I II III 

Benzyne Diradical Dipolar ion 

If structure I is accepted, benzyne would be a distorted acetylene and 
should, therefore, be unstable. Structure II is also unlikely because benzyne shows 
little resemblance to a diradical in its chemical behaviour. In structure III 
benzyne is represented as a dipolar ion. On the basis oF this structure we can 
explain the attack by nucleophiles like NH a “. Because of this uncertainty of 
structure some people prefer to name it as, / ,2-dehydrobenzene (non-committal 
name in place of benzyne which implies the presence of a triple bond. 

(3) Ammonolysis of phenols with ammonia In presence of ZnCl. 
at 570K. 


h 



H 

Fig. 401— Benzyne 
molecule. 
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C.H.OH + NH, -► C,H S NH, + H»0 

Phenol 570K Aniline 

(4) By reduction of nitroso-compounds with tin and hydrochloric 

add. 

CtH$NO + 4[H]-* C*H*NH a + H*0 

Nitroso benzene Aniline 

(5) Hofmann's hypobromite method* By the action of bromine 
and alkali on amides (For mechanism see Chapter 25)* 

Br./KOH 

C 6 H|CONH a -* C^HfiNHa 

Benzamide Aniline 

(6) Through reductive amination of aldehyde and ketones. Alde¬ 
hydes and ketones can be converted into primary amines by their 
catalytic or chemical reduction in the presence of ammonia. The 
process is termed reductive amination which proceeds with the for¬ 
mation of an inline as an intermediate product 

—H t O H,/Ni 

G 8 H 6 CH=0+NHa C.HjjCH^NH -► C B H B CH a NH a 

Benzaldehyde limne 90 atm Benzylaxmnc 

310-340K 

Secondary amines are obtained on using a primary amine in. 
place of ammonia, 

— 1^,0 

C a H B CH=0+H 2 NC a H 5 ^ C 8 H & CH=NC 2 H B 

i 

| *LiBH,CN/CH,OH 

C # H 6 CH 4 NHC 2 H 6 
Benzylethylamme 
(a secondary amine ) 

3. Aniline (Benzen amine), C a H s NH a .— Aniline was first 
prepared by Unverdorben (1826) who obtained it by distilling indigo 
and was named aniline by Fritzsche in 1814 after anil , the Portuguese 
word for indigo. 

Preparation : (a) Laboratory Method. In the laboratory 
aniline is prepared by the reduction of nitrobenzene with tin and 
hydrochloric acid. 

G^NO.+CtH]-► C e H B NH 8 +2H a O (80%) 

Nitrobenzene Aniline 

Expt. Nitrobenzene (20 g) and granulated tin (40 g) are taken in. 
a round-bottom flask fitted with a reflux condenser. To this is added cone, 
hydrochloric acid (100 cm*) in small amounts (10 cm” at a time). The flask is 
shaken after each addition and the temperature not allowed to rise above 360K. 
towards the end, the reaction is slow and larger bulks of acid can be added 
at a time. The flask is heated on a water bath until the smell of nitrobenzene 
disappears. On cooling a solid mass of the formula (C^HiNHp.HClhSnCl* 
separates out, 

* A reducing agent similar to LiBH 4 » It seduces iminium group morr 
rapidly than it reduces carbonyl group. 
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Sn + . 4HC1 
CfHsNOj + 6[H] 

Nitrobenzene 


SnClf +4H 
C,H,NH, +2H.O 

Aniline 


2C 6 H 5 NH,+2HC1 + SnGl| —* (C^NH^-HCl^SnC^ 

Aniline Stannic Double salt 

chloride (A solid mass) 

The solid mass is treated with a concentrated caustic soda solution until 
the solution is clear and alkaline. Aniline is liberated and floats as a darH 
brown oil. 


<C a H 5 NH 9 .HCl) a SnCl 4 + 8NaOH-► 2C a H e NH a +Na 1 SnO a + 

Solid mass Aniline Sod. stannate 

(Oily layer) (Soluble) 

6NaCl+5H,0 

Aniline is recovered from the above mixture by steam distillation. The 
distillation is continued until the distillate is no longer turbid. To the distillate 
is added common salt when practically wholo of aniline separates. It is 
extracted with ether in small lots. The ethereal extract is dried over solid 
caustic potash (calcium chloride forms an addition compound with aniline) 
and elher removed from it by distillation over water bath. Aniline so obtained 
is purified by redistillation. 

(b) Commercial Preparation. Aniline is prepared on a 
commercial scale : 


(i) By the reduction of nitrobenzene with scrap iron and concen¬ 
trated hydrochloric acid . 

Fe+2HC1-► FeCl 2 + 2[H1 

C fl H B NO,+6[H]-* C fl H 6 NH a + 2H a O 

Here not only the costly tin is replaced by cheaper iron but 
llso there is a saving of hydrochloric acid as the acid is regenerated 
by hydrolysis of ferrous chloride. 

FtCJ 2 +2H,0-► Fc(OH) b +2HC1 

C a H s NO a d 6Fc(OH) a +4H a O-► C 6 H 5 NH 2 4-6Fc(OH) 8 

Thus only l/40th of the theoretical amount of hydrochloric acid 
is actually used. 

Concentrated hydrochloric acid, water and scrap iron aic placed 
In the reducing pan {Reducer —Fig. 40‘2). Steam is blown into the 
reducer and nitrobenzene run in a fine stream. The contents are kept 



Fig. 40*2—Manufacture of aniline. 

in agitation by a stirrer fitted in the reducing pan. No further heat* 
ing is necessary as the heat of reaction is enough to complete the 
reduction. 
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At the end milk of lime is added to neutralize the add and ^ to 
decompose aniline hydrochloride (C e H 6 NH a .HCl) formed and aniline 
let free is separated by distillation in steam. The distillate is collected 
wherein crude aniline forms the lower layer. Crude aniline is taken to 
a vacuum distillation plant and distilled under reduced pressure when 
pure aniline distils over. 

{ii) By the catalytic reduction of nitrobenzene . Aniline may also 
be manufactured by catalytic reduction of nitrobenzene using nickel 
catalyst. 

(tti) By the action of ammonia on chlorobenzene. Chlorobenzene 
reacts with excess of aqueous ammonia when heated at 470K under 
pressure in the presence of cuprous oxide. 

The latter decomposes the ammonium chloride formed in the 
reaction and thus renders the reaction irreversible. 

470K. 

2C 8 H 6 CH2NH,+ Cu*0-* 2 C 0 H*NH*+2CuCI+H a O (90%) 

Chloro- Pressure Aniline 

benzene 

Properties : Physical. When freshly prepared, aniline is a 
colourless oily liquid (b.p. 457K) with an unpleasant odour and is 
poisonous in nature. Being sensitive to oxidation, colour rapidly 
chages to dark brown when exposed to air. It is practically insoluble 
in water but readily soluble in organic solvents. 

Chemical. The molecule of aniline, C e H fi NH a is made up 
of (i) an amino-group attached to the nuclear carbon, and (ri) the 
benzene nucleus. Its reactions are the reactions of these two groups : 

(a) Reactions of the Amino-group . 

(1) Basic Nature. Aniline is weakly basic and gives salts with 
acids, e.g ., C 8 H 5 NH a .HCl, aniline hydrochloride with hydrochloric 
acid, (C fl H fi NH a ) 2 H 2 SC> 4 , aniline sulphate with sulphuric acid and 
double salts with platinum chloride (PtClJ and gold chloride (AuCl a ) 
e.g., (C e HjNH 2 .HCl) a .PtCl 4 . 

Aniline is a weaker base than the primary aliphatic amines due to reso¬ 
nance which is not possible in aliphatic amines. 



Owing to resonance, the lone pair of electrons on the nitrogen atom H 
less available for coordinating with a proton. In addition to this, the small 
positive charge on the nitrogen atom tends to repel the proton. 

Aniline may accept a proton to give a small concentration of the cation 

+ 

C g H|NH a fanilinium) which does not show resonance. 

Since there are more resonating structures possible for aniline than for 
theanilinium ion, the former will be stabilised with respect to the latter. 

The increased electron density on the ring accounts for the ease 
of substitution and for ortho- and para-orientation. 

Effect of Ring substitution on Basicity. The effect of 
ring substituent, G depends on the following : 
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(i) Nature of G whether iJ ia electron-attracting or electron- 
releasing. An electron-releasing group reduces the resonance of 
NH a group with the ring and, therefore, increases the basicity. 
The electron-withdrawing group (—1 effect) tends to draw the 
electron pair of the N atom of NH a group into the ring and conse¬ 
quently decreases the basicity. 

(ii) Its ability to enter into resonance with a*nino group. Groups 
like nilro having strong — R effect decrease the basicity and others 
like methoxy having a strong + R effect increase tlie basicity. 


>-/3-nh, ~ °>n-Ch h - 


(in') Its Position, The electron-withdrawing or electron-releas¬ 
ing effect is more at o- and p-positions thin at the m *. There 
may be added complications due to steric effect. 

Basicity of various substituted anilines are given below in 
terms oT their values. Higher the p/u value of a compound, 
greater its basicitv. For aniline, pK^ — 4‘58. 


; px* 

Subsiituent ,_ 

in O 0 IL,NII> 



1 

rn- 

V- 

CII 8 

1 4'39 

4-69 

5-12 

NO. 

1 0 29 

2’50 

1 02 

Cl 

2 64 

334 

398 

CII a O 

! 4-19 

| 

4 "20 

5*29 

nh 2 . 

447 

4 f 8 

6’OB 


Effect oT various substituents on the basicity of aniline as seen 
from the p£T 0 values given in the above table can be explained as 
follows : 

(<) ch 3 . It has a FI effect and, therefore, increases the 
basicity from p/T a ---4’58 to 4'6? (form-) and 5’ 12 (for p-). The 
effect is more when CH a is in p-position than in m-posilion as 
explained earlier. 

(//) MO a . It exerts —R as well as -—I effects and, therefore, 
decreases the basicity as seen from a decrease in pK a values. The 
effect in o- and p- position is much njore than in ra-position. This 
is because from m-position it cannot exert — R effect. Decrease in 
basicity is only due to —1 effect. 

Halogens exert both +R and —I effect but +R effect iB 
very small. Presence of halogens decreases the basicity of :NH a 
group due to —I effect. 
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Methoxy and Amino groups. The p-OMc group has a 
+ R effect and the basicity increases due to its presence. In the 
m-position it exerts only a —I effect and this decreases the basicity. 
Effect of amino group can be explained similarly. 

It is evident iiom the above discussion that when the substi¬ 
tuent group can enter into monanre with the rest of the molecule, 
it exerts a marked effect on its basicity. For resonance the resonat¬ 
ing structures *inust be planar or nearly planar. If the planarity 
is partially reduced or completely prevented due so some steric 
effect, the resonance is diminished or completely prevented. This 
is called steric inhibition of resonance. 


3, 5- dimelhyI-4-nitroaniline is a stronger base than 2, C-dime- 
thyl-4-nitroaniline on account of steiic inhibition. In the first 



case, the nitio group cannot enter into resonance with the amino- 
group and is not able to leduce the basicity appreciably. In the 
second case it can om*i into resonance and, therefore, ledures the 
basicity appreciably. 


jV-Alkylated anilines. These are strongir buses than aniline. 
IV-ethylanilme is a stronger base than N-methylaniline. This cannot 
be explained on the basis of hi effect of alkyl groups tesulting in 
increased resonance of the lone pair with the ring, since that would 
make N-alkylanilines weaker bases than antlire. It is considered 
as due to the steric effect, which inhibits lesonancc of the lorie pair 
on nitrogen and makes it more available for protonalion. Ethyl 
group being bigger than methyl has more steric effect, so iV-ethyl 
aniline is stronger base than jV-methyldmhne. p/C a values of some of 
these are given for reference. 

Base PhNH 2 PhNHMe PhNHEt PhNMe 2 PbNEt* 
p K* 4*58 4‘85 5 J1 5*06 6 56 

(2) Acylation. With an acid chloride or an add anhydride, 
H-atom of the amino-gioup is replaced by acyl group to give an 
anilide. 


CgligNI I,+CHjCOCl-► C a H a NH.COCH a + HC1 

Acetyl chloride Acetanilide 

C t H B NH|+C fl H 6 COCl— C fl H B NH.COC 6 H 6 + HC1 
Benzoyl chloride Benzamlide 

(3) Alkylation. When treated with alkyl halides, the hydrogon 
atoms of the* amino-group are replaced by alkyl groups to give mixed, 
secondary and tertiary amino-compounds* 
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CH,1 CHjI 

C 9 H 8 NH|-► C 8 H 6 NH.CH a -* C.H 5 N(CH S ) S 

Aniline JV-Methylaniline A,Ar-Dimcthylaniiine 

(4) Carbylamine Reaction. On heating aniline with chloro¬ 
form and alcoholic potash, an obnoxious smell of carbylamine (an 
iaocyanidc) is noticed. 

C 6 H 6 N h77TC1*.II G + 3KOH -► C 6 JI 5 NG + 3KC1 + 3H t O 

Aniline Chloroform Alcoholic Phenyl 

potash isocyanide 

The mechanism proposed for the reaction is as follows : 

CHCL, + OH- -p* : CClj- + H..O 
: CC1 3 --► : CC1 4 + Cl" 

+ - —H-* 

PhNH 2 COl,-*■ PhNH s —CC1 2 -► 

Aniline 

— Cl" . —Cl- 

PhNHCCJ,-► PhN = CC1-► PhN^C 

— H+ carbyl amino benzene 

(5) Action with Grignard Reagent. Aniline reacts with 
Grignard reagent to form hydrocarbons. 

RMgBi + C,H S NH,-►RII -f C # H 5 NH.MgBr . 

( 6 ) Diazotisation. An ice-cold solution of aniline in 
hydrochloric at id when ti cated with an it e-i old solution of sodium 
nitrite gives benzenediazoilium chloride, which decomposes on warm¬ 
ing to give phenol. 

NaNCVt-llCl-> JINOj + NaCl 

CJifcNfla+HCl f Hi\Q 2 -► G B H 5 N 2 C1 + 2H a O 

Aniline Nitrous Denzenediazonnim 

acid chloride 

C fl l.1 -tjfl OH -► C 8 H 6 01I + N 8 + HC1 

Phenol 

(7J Action with Carbonyl Chloride. Aniline reacts with 
carbonyl chloride to give carbonyl amino benzene. 

C,H,N|H, n cgc=p-V C,H 6 N=C =0 + 2HCI 

Aniline Carbonylamino- 

benzene 

( 8 ) Condensation with Aldehydes. Aniline gives conden¬ 
sation products (Schiff bases) with aromatic aldehydes. 

C,H,N g£±Q \- HC.C,H,-►C B H B N=HC.C,H B +H a O 

Aniline Benzaldehyde Benzyluieneamline 

The Schiff bases on hydrolysis easily give free amine. Their 
formation offers an easy method of protecting an amino-group before 
nitration. 

On reduction a Schiff base gives a secondary amino-compound. 
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H,/Ni 

C i H 5 N«CH.Ar-» C € H # NH.CH t Ar 

Schiff base Secondary amino- 

compound 

(9) Action with Carbon Disulphide. On heating with an 
alcoholic solution of carbon disulphide and solid KOH, it gives 
e-diphenylthiourea or thiocarbanilide (used in vulcanisation of rubber). 

C.H.NHih—| 

I +S i *C==S+2KOH->(C b H 5 NH) 2 CS+K 1 S4 2H,0 

•H®NH|H_j j-Diphenyltbiourea 

Aniline (2 molj m. p. 427K 


(10) Oxidation. The high electron density on die ring in the 
aniline molecule makes oxidation (electron removal) very easy. Thus 
it turns dark red on exposure to air due to oxidation More intense 
colours are given by stronger oxidising agents. For example, 

Oxidising agent Colour produced 

Bleaching ponder Deep violet 

NajCrjOr+conc. H,SO| Intense blue 

Na^rgOT + CuSOi -bdil. acid Aniline blaLk dye 


Oxidation of aniline with sodium dichromatc and sulphuric 
acid under carefully controlled conditions gives p-benzoquinone. 



Na,Cr,0 7 


+H.SO, 



p-Ben7oquinone 


(11) Action with Hypohaloua Acids or Alkali Metals. 

Hydrogen atoms of the amino-group are replaced by halogen atoms 
when aniline is treated with hypohaluus acids, e.cj., with hypochlorous 
acid, HCIO. 


G 6 H & NII a +2HC10-*C 6 H fl NGl J -f 2H a O 


When heated with sodium or potassium, the metal dissolve* 
with the evolution of hydrogen. 

2C b H 5 NHj 4 2Na->2G i H # NH.Na 4 H, 

(&) Reactions of the Benzene Nucleus. 

(1) Coupling Reaction. Aniline gives a reaction with diazo- 
nium salts yielding azo-dyes. 



Diazoaminobenzene or when left p~omi noazobenzene 

(Yellow dye) in mother liquor (brUIiant orange-red dye) 


»NH* 
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(2) Halogeaation. Presence of amino-group in the nucleus 
facilitates halogenation. A symmetrical trisubstitution product is 
obtained on chlorination or bromination. 

NH, 

+ 3Br, 

Aniline Br 

2 ,4, 6-tribromoaniline 
(light yellow ppt,) 

In chlorination, a water-free solvent such as chloroform should 
be used otherwise oxidation takes place. 

Monochloro or monobromoaniline may be prepared by 
chlorination or bromination of acetanilide. 





These on hydrolysis give the corresponding bromoanilines. 


The deactivating effect of the acetyl group in aceta¬ 
nilide. It is considered io be due to the fact that the lone pair of 
the :NH 2 group enters into resonance wiih the carbonyl group and 
as a result of it the resonance with the ring decreases considerably. 


o o- 



From the resonance structure it is clear that the availability 
of the lone pair for protonation decreases as a result of resonance . 
This explains the very weak basic character of acetanilide. 

(3) Nitration. Aniline being very susceptible to oxidation! 
direct nitration is not possible. The amino-group is protected by 
acctylating before nitration. 

_fid 

C.HsNH* + Cl.COCHj-► C,H 6 NH.COCH a 

Aniline Acetyl chloride Acetanilide 


HNO, /NH.COCH, H.O 

-* G.H t ( -* 

'NO* —CH.COOH 

o- & p-nitro acetanilide 


c 6 H 4 


NH S 

NOg 


o - & /?-nitroaniline 


The p-nitroaniline far exceeds the ortho-derivative in yield. 

(4) Sulphonation. Aniline on heating with fuming sulphuric 
acid to 450-470K! gives p-aminobenzenesulphonic acid (Sulphanilic 
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ucid). Why ? This is because sulphonation is known to be reversible 
.and the j£>-isomer is known to be the most stable isomer. 

NH, NH, 

O Fuming H,SQ 4 

45U-470K~ > Lv^JJ 

Aniline SO,H 

Sulphanilic acid 

Uses. Aniline is used : (i) For the manufacture of dyes. 

(ii) For the preparation of certain synthetic drugs. 

(m) As an accelerator in vulcanizing rubber. 

Test. (1) Gives carbylamine reaction (see page 2'556). 

(2) To a solution of aniline in water add a little bleaching 
powder. A violet colour is produced which soon changes to brown 
and fades away. 

(3) To a solution of aniline in sulphuric add add potassium 
dichromate solution. A red colour slowly turning deep blue is 
obtained. 

(4) Diazotise an ice-cold solution of aniline in hydrochloric 
acid with ice-cold sodium nitrite solution. Add a few drops of 
P-naphthol in excess of sodium hydroxide (Coupling). A brilliant-red 
dvc is obtained. 

(5) Treat with bromine water, a light yellow ppt of tribromo- 
aniline is obtained. 

4. Comparison of Aniline with Ethylamine. 

(a) Points of Similarity : 

(i) Basic nature. (ii) Alkylation (iti) Acylation. 

(iv) Action of Sodium. ( v) Carbylamine reaction. 

(vi) With HCIO or Clj+NaOIf. Ivw) With Grignard reagent. 

(&> Points of Difference : 

Ethylamine Aniline 

1. Colourless inflammable liqu ; d 1. Colourless oily liquid (b,p. 457K) 
(b p. 2V2K) with fishy anunomacal with unpleasant odour, 

odour. 

2. Highly soluble in water, giving 2. Practically insoluble in water, 
alkaline solution. 

3. With nitrous acid gives ethyl 3. Gives diazonium salt in cold and 
alcohol and nitrogen. phenol on heating. 

4, Not easily oxidised. 4, Very susceptible to oxidation. 

5. No substitution takes place in the 5. Substitution in the benzene nucleus 
ethyl radical. proceeds readily. It can be 

nitrated, sulphonated and halo- 
genated. 

6. Does not react with aldehydes. 6. Gives SchifTs base with aromatic 

| aldehydes. 

7. Does not give coupling reaction. 7. Gives coupling reaction. 
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5. Aniline Hydrochloride, C^H,NH,HG1 •— It is a colourless 
crystalline salt (m.p. 471K ; b.p. 518K) vary soluble in water. It 
is precipitated by passing dry hydrogen chloride through a solution of 
aniline in ether, the yield is quantitative. 

It is used in calico-printing. Aniline hydrochloride is made into 
a paste with potassium chlorate, copper sulphate and gum arable. 
The cloth is printed with this paste and exposed to air when a black, 
print is obtained due to oxidation of aniline to aniline black. 

6, Acetanilide (TV-phenylacetamide), C g H 6 NHCOCH a . 

Preparation* Acetanilide may be readily prepared, in very 
good yield, by heating aniline with acetyl chloride, acetic anhydride 
or glacial acetic acid. It is, however, usually prepared in the labo¬ 
ratory by the action of glacial acetic acid on aniline. Anhydroues 
zinc t hloride is used as a dehydrating agent. 

C,H 5 NH|H ~+ HOiCOCH,-►C,H 6 NH.COCH j +H,0 

Aniline Acetic acid Acetanilide 

(Glacial) 

The mixture of aniline (10 cm 8 ), glacial acetic acid (12 cm 1 ) and anhy¬ 
drous zinc chloride (2 g) is gently boiled in a round-bottom flask provided 
with reflux condenser. The hot contents are poured into cold water with stirring 
when acetanilide crystals separate. These arc removed, dried and recrystalhzed 
from boiling water or dilute alcohol. 

Properties* It is a colourless, crystalline (rhombic plates) 
substance (m.p. 387K), sparingly soluble in cold water but more 
soluble in hot water. On hydrolysis, e.g., when heated with alkalis 
or mineral acids, it regenerates aniline and acetic acid. 

HIOH H,0 

C,H 6 NH|COCH 8 -► C 6 H r NHj + CH a COOH 

Acetanilide Aniline Acetic acid 

Uses. It is used in medicine under the name of Antifeberin, 
for lowering body temperature and to relieve headache. It is a useful 
intermediate product in various reactions of aniline, e g., nitration 
wherein it is desirable to protect the amino-gToup. 

7* Salphanilic acid (p-aminobenzenesulphonic acid), 
p-NH,.C B H f SO a H .—It is formed as the product when aniline is sul- 
phonated with oleum at 450K. Some metanilic add and a little 
orthanilic add arc also produced. It is, however, manufactured by the 
baking process—heating acid sulphate of aniline (from equal weights 
of aniline and cone. H a S0 4 ) at 4/OK for some time. The reaction is 
believed to proceed as follows : 



SO,H 


Acid sulphate Phenylsulpha- Orthanilic Sulphanilic 

of aniline mic acid acid acid 
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Properties. It is an interesting compound as its properties are 
not those we expect of a compound containing an NH, group and 
a —SO a H group. Both aniline and benzenesulphonie add have low 
m.p. but sulphanilic acid is a white solid which decomposes (at 550- 
570K) before melting. Sulphonic adds are generally very soluble in 
water but this is insoluble m organic solvents and nearly insoluble in 
water. It is soluble in aqueous bases but insoluble in aqueous acids. 

These properties are understood from its dipolar ion (zwitter 
ion) character (structure I) a product of reaction between the acidic 
group and the basic group. 



Zwitter ion 
I 

Insoluble in water 


II 

Soluble In water 


High m.p. and insolubility in organic solvents arc properties 
expected of any salt, and many salts are insoluble in water. In alkaline 
solution strongly basic OH" ions pull H+ ion away from the weakly 
basic —NH, group to yield p amino-benzenesulphonate ion (II) 
which like most sodium salts is soluble in water. In add solution 
structure I does not change and the compound, therefore, remains 
Insoluble. 

When treated with concentrated nitric acid, sulphonic group in 
sulphanilic acid is replaced by a nitro group to give p-iutroamline. 
Similarly on bromination the sulphonic group is replaced by Br atom 
to give s-tribromoaniline. 


NH, 



NHj 


NH 2 


Bit 


Br 

r-tnbromoaniline 
It may be diazotised. 



HNO. 


SO.H 

Sulphanilic acid 



NO, 
p-mtroamline 


Uses. It is used in the manufacture of dyes and sulphanila- 
oiide drugs. 

8. Snip hanil amide (p-aminobenzenesulphonamide).— 

Acetanilide is treated with chlorosulphonic acid and the product on 
reaction with ammonia followed by hydrolysis gives sulphanilamide. 



NHCOCH, NH, 


SO,NH, 


SO,NH, 

Sulphanilamide 


It is a white crystalline solid (m.p. 439'5K). Importance of 
sulphanilamide lies in its use in the manufacture of sulpha drugs 
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which halve revolutionised the medical world. They have remarkable 
action in curing diseases like pneumonia, gonorrhoea, dysentery and 
bacterial infections in general. 

It will be interesting to note the structural formulae of Some of 
our common sulpha drugs given below : 


NH, 

O n, 

SO,NH— NS Jj 


NH, 



NH, 


N' 

Sul phapyri dine 
(M. & B. 693) 


S-CH 



.N—CH V 

S0 3 NH“ yjH 

X N~CH X 
Sulphadiazine 


NH 



Sulphathiazolc 
(M. & B. 760-1942J 

9. Nitroanilines.— C 8 H 4 


SO s NH—C—NH- 
Sulphaguanidine 
(1940) 


NO a 


\ (o - 3 in- and p-j. 

X NH ? 


Preparation, n- and 7 ;-N.tio anilines aic prepared by nitration 
of acetanilide followed by hydrolysis. 

NH, NH.GOCH 3 NHCOCH, NHCOGHj 

imo, 





H.O 

NaOH 


NO, 

0 -Nitroace (anilide p-Nitroacot anilide 

NH, NH, 

" ir°- + ^ 




NO, 

o-Nitroaniline p-Nitroaniline 

o-Nitroacetanilide (soZirZ) is separated from p-Nitroacetanilide 
(liquid) by filtration and then hydrolysed with alkali. 

0 - and />-Nitroaniline may also be prepared by heating o- and 
p-chloronitrobenzenes with ammonia. 

NO, NO, 



and 


Chloronitro benzene 



NH* 



NH t 
p-Nitroaniline 
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Nitration with acetyl nitrate gives exclusively the orth-product. 
The ortho-isomer is, however, usually prepared as under : 

NH.COCH, NH.COCH, NHCOCH, NH, 

C f| H,SO, Cone. HNO, H,0 

l|—t^lj - l^sjj — kvJJ 


p-Nitroaniline 


SO a H SO s H 

Acetanilide p-Acetamlide- p-Nitroaniline 

sulphomc acid 

m-Nitroaniline is obtained by partial reduction of m-Dinitro- 
benzene with ammonium hydrogen sulphide or sodium sulphide. 

NO* NH 2 


U +6[h ] r II + 2 H a o 

NO, k^JJNO, 

Properties. All the three isomeric mil oanilincs arc solids 
(m.p. o=344K ; m = 387K ; p = 421K), sparingly soluble in water but 
readily soluble in alcohol. 

They are weaker bases than amline. On reduction with metal 
and acid each one gives the corresponding phenvlenediaminc. 

/NO a [H] /NH a 

C,H,< -- C,H 4 ( 

n nh 2 x nh, 

o-, m- & p- o-, m- p- 

nitroamlines phenylenediamme 

In o - and ^-nitroanilines, the —NH a group is replaced by —OH 
on boiling with aqueous caustic soda solution (c f. chloronitrobenzenes, 
page 2 513) 

/NO* NaOH /NO a 

C e H t < -- C 6 H 4 < 

n NH, -NH, \OH 

c?- & ;MHtroaiuline o- & p-rutro phenol 

m-Nitroaniline is not icacted upon by NaOH. On nitration with 
acid mixture it gives 2, 3, 4, G-tctrarntroanilme (TNA), an explosive. 


NH 4 HS 


/NH, 


o~, m- © p- 
phenylenediammc 


HNOi/H.SOt 


NO a 

m-nitroaniline 2, 3, 4, 6-tetra-nitroanihne 

ID. ToluidineB (o-, m- ds p*)> or, 2-, 3- & 4*Metfcylbenzdi¬ 
amines, CHaCgH^NHg. —The three toluidmcs may be piepared by 
reduction of the corresponding mtrotoluenes. 


/ CH » Metal/acid 


N NO, 

o- f m- & p-nitrotol uencs 


c.h 4 / 


ch 3 

NH a 


o-, m- & p-toluidines 


Proparties, o- do m- Toluidines arc oily liquids (b.p. 474K and 
473K respectively) while jy-toluidine is a solid (m.f, 318K ; b.p, 
473K). They are all insoluble in water, soluble in organic solvents 
and poisonous in nature. 
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They can be oxidised to the corresponding aminobenzoic acid 
after protecting the amino group. 

,NH, 


C,H *\ 


CH, 


CH.COC1 r „ /NH.COCH, (0) 

-> '“' 6 * 1 * \ _ 


o-, m-, & /7-ioluidine 

/NHCOCH, 

C,Hj 


l '\ 


COOH 


^CH, 

c.h,< NH ’ 

x COOH 

& p- 

aminobenzoic acid 


They are all used in the manufacture of dyes. 

11. Benzenediamine or Phcnylenediamines, C 6 H 4 (NH a ) r 

—Three benzenediamines are : 



2 


o-Phenylendiamine or 
1, 2-Benzenediamine 



m-Plirnylenediaminc or /j-Phcnylencdiamine or 
], 3-Penzenediaminc 1, 4-Benzcnediamme 


o-Phenylenediamine (/ T I-benzewdiamitie). It is best prepared 
by the reduction of o-dinitrobenzeue with zinc dust and aqueous 
alcoholic sodium hydroxide. 



+ 6ZnO 


It is a white crystalline solid (m.p. 375K) which readily turns 
brown in air due to oxidation. It gives the usual reactions of —NH, 
group attached to the nucleus in duplicate. Its most characteristic 
property is the ease with which it gives heterocyclic compounds. For 
example, 

(i) When fwated with organic act'd*. 


sNH, HCOOH I 


/NH.CHO 


NH 


^NH, H.O j 

(Intermediate compound.) 

(it) With nitrous acid (NaNO % -{ CH^COOH), 


—h,o 

M-p! 


Bcnziminozole 


O NH, MONO ff^ rx YlN=N.OH 1 

NH.- MNH. 1 (fY > 

J x/\vh' 


NH 

Bwztriazota 


TOC-1-84-2 36 
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(m) With glyoxal. 



0*»CH —2H.O 
0=CH 


n /Nx ' H 

^\ n / ch 


Quinoxaline 


fn-Phenylenediamme (/, 3-Benzenediawne). It is best pre¬ 
pared by the reduction of m-dinitrobenzene with iron and hydro¬ 
chloric acid. 

NO, 

+ 12[H] 

NO. 



Fe/HCl 



4H a O 


It is a wliite nystalline solid (m.p. 33GK) which turns brown on 
standing in air. It gives the usual reactions of a diacid base. Its 
most characteristic property is formation of Biswark Brown (a biown 
dye) when treated with nitrous acid— a monoazo- and a bisazo com¬ 
pound are both formed. 



N 




The reaction is used as a sensitive test for detection of traces 
nitrites in water or in the qualitative analysis. 


of 


w-Phenyicnediamme is used in the preparation of dyes. 

p-Phenylenedimmiae (/, 4-Benzem diamine). It may be 

prepared by the reduction of p-nitro aniline or p-aminnazobcnzenc. 



p-Aminoazo benzene Aniline /?-Phenyl enediarniie 

It is a white crystalline solid (m.p. 420K) and gives p-benzo- 
quinone on vigorous oxidation with potassium didxromate and 
Iphuric acid. 



mm&mm amino-compounds 
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It can be diazotised and thus used in the manufacture of dyes. 
It is also an excellent photographic developer. 

SECONDARY AMINO-COMPOUNDS 

12. Diphenyl amine, (C,H 5 ) a NH. 

Preparation. Diphenylamine is prepared— 

(1) By heating phenol with aniline in the presence of zinc chloride 
at 530K. 

ZnClj 

C„H fl OH + G fl H n NH a -► (C fl H 6 ) a NH + H a O 

Phenol Aniline 510K Diphenylamine 


(2) By refluxing acetanilide with bromobenzene , potassium carbo¬ 
nate and a little copper powder (catalyst) in nitrobenzene solution 

(Ullmann reaction). 

Cu 

C b H & NH.COGH 3 + C 5 H 5 Br + K 2 CO,-► (C,H 6 ) a NH 

Diphenylamine 

+ COj + GHaCOOK + KBr 

(3) Manufacture. By heating aniline with aniline hydrochloride 
<it 41 OK under pressure. 

C 6 H 8 NH 2 + C 8 H 6 NH 2 .HGl-► (C l H a ) > NH + NH 4 C1 (g.) 

Properties. It is a rolourless, pleasant-smelling crystalline 
solid (m.p. 327K) practically insoluble in water but readily soluble 
in alcohol and ether. It resembles aliphatic secondary amines in a 
number of respects. Some of its characteristic reactions arc : 

(}) Basic nature . It is a weaker base than aniline (c/. diine- 
thylamine which is a stronger base than inethylamine) and forms 
salts which are completely hydrolysed in solution. This shows that 
the basic nature decreases with the introduction of phenyl groups 
in the molecule. 


(it) With sodium. On heating with metallic sodium or sodamide, 
•diphenylamine forms a sodio derivative more readily than aniline. 

2(C i H fi ) 1 NH + 2Na-► S^H^NJSfa + H. 

(tit) With nitrous acid . It forms JV-nitrosodiphcnylamine with 
nitrous acid. 


(C 6 H 6 ).N|H_4_HO no- 


(CjHgJ.N.NO + 11,0 
Af-nitroso- 
diphenylamine 


(tv) With cone, B 2 SO i and nitrates. Its solution in cone. H 8 SO t 
gives an intense blue colour with nitrates. This forms a sensitive test 
for nitrates. 
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Uses. Diphenylamine is used : 

(i) In making* certain dyes. 

(si) As a reagent in the detection of nitrates. 

(in) As an indicator in oxidation titrations. 

(tv) As a stabilizer for explosives. 

13. JV-Methylaniline, jV-Methylphenylamine or ^-methyl 
benzenamine, C 6 H fi .NHCH 8 . 

Preparation, (i) By heating aniline with methyl iodide calcitia^ 
ted quantity) 

C 8 H b NH, + CH a I-► C 6 H b NH.CH 8 + HI 

jV-Methylaniline 

(n) Manufacture. By heating aniline with methanol (1-2 moles) 
and sulphuric acid at 500K under pressure. 

H, SO* 

C e H 8 NH* + CH.OH-► C B HeNH.CH 3 + H.O 

Methanol 500K. Ar-Methylanilme 


Properties. It is a colourless liquid (b.p. 467K). A T -Methyl aniline 
is a stronger base than aniline as explained on page 2'556, It resem¬ 
bles aliphatic secondary amines in many ways but differs from them 
in substitution reactions of the benzene nucleus (it is substituted in the 
v- and p- positions). Some of its important reactions are : 

(i) With nitrous arid it furms pale-yellow JV-nitrosoamine which 
gives Liebermatin’s nitroso-reaction 


^>N|H^ + HO|NO 

CHj 

The nitrosoaminc gives 
hydrochloric acid 

CeH Sx _ 

>N|NO t HOH 
CH/ 


c*h 5V 

>N.NO + I^O 

CIV 

back iV-methylaniline on heating with 
HC1 

-► >NH + HNO z 

CH/ 


(it) On heating A-methylaniline hydrochloride, the —CH S group 
migrates to the p* position to give toluidine. 



)NH.CH 8 
N-Methylaniline 



TERTIARY AMINO-COMPOUNDS 

14. Triphenylaxnine, (C 6 H 6 ),N.—It may be prepared— 

(t) By heating sodio^diphenylamine with bromob*,naene. 
(C l H*),N|r^ _ ]+^|C,II s -► (C,H 5 ),N + NaBr 

(ii) By heating diphenylamine with iodobenzene t potassium car¬ 
bonate and a little copper powder (catalyst) in nitrobenzene solution 

(Ullmann reaction). 
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2(CtHi) t NH+2C<H i I+K % CO i —*5 2(C«H 5 ) 3 N + CO, 

Triphenylamine 

+2KI + H t O (i;*) 

Properties, It is a colourless, crystalline solid (m.p. 400K) and 
is too weak a base to form salts with acid. It gives a blue solution 
when dissolved in concentrated sulphuric acid. 

15. A 7 , A 7 - Dim ethyl aniline, C 6 H B N(CH,) V — It may be pre¬ 
pared— 

(i) By Keating aniline with excess of methyl iodide. 

CHjI CH,l 

C,H 5 NH a -+ C fl H # NHCH,-C,H 6 N(CH 3 ) 1 

Aniline —HI A^-Methylaniline —HI Ar,JV-Dimetiiylamline 

(ii) By touting aniline with methanol (in excess) and sulphuric 
acid at 500K under pressure. 

H a S 0«, 500K 

C 0 H 5 NH 3 +2CH„OH-* C«H 8 N(CH 3 ),+2H a O 

A r ,iV-Dimcthylaniline is the main product (95%) in the mixture 
obtained in which jV-mcthylanilinc and aniline are also present. It is 
separated by acetylating the mixture and distilling off N, ^-dimethyl- 
aniline. 

(m) By hydrogenation of aniline and formaldehyde mixture in 
aqueous alcoholic sulphuric acid in the presence of platinum catalyst . 

Pt 

C fl H s NH a + 2HCIIO + 2H, -* C fl H fl N(CH 3 ) a +2H a O (g.) 

This is an interesting example of reductive methylation. 

Properties. It is an oily liquid (b.p. 466K). Like IV-methylani- 
linr, it is a stronger base than aniline as explained on page 

It resembles aliphatic tertiary amines, e.g. } it gives quaternary 
compounds with alkyl halides but differs from them in that they can 
undergo substitution reactions (in the o- and p - positions) due to the 
presence of benzene nucleus. Some of its characteristic reactions are : 


(i) With nitrous acid . It reacts with nitrous acid to give 
p-nitroso-dimethylaniline whi^h on boiling with alkali produces 
p-nitrosophenol and dimethylamine. 


N(GH,). 
i mono 


H N(C H,), 
HO r ^ N ^ NaOH 


OH 


+ (CH # ),NH 

Dimethylamine 


yV,/V-Dim ethyl- 
aniline 


NO 

p-nitroso- 

AT^-ditnethylaniJine 


NO 

p-nitroso- 

phenol 


(ii) With HCIIO or COCl t . The —N(CH*) a group activates the 
p-hydrogen atom so much that N,N-dimethylaniline condenses with 
formaldehyde and carbonyl chloride to form diphenylmethane and 
benzophenone derivatives respectively. 
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N(CH»), 


Cl + 

/-\—/ 

o=c x —' 


O N(CH,)» 

—2HC1 \ 




Michlcr’a ketone 


Similarly it condemes with aromatic aldehydes to give triphenyl- 
methanc derivative. 




H 


O + 


H 


ft 'v)N(CH s ). ^)N(CH,) a 

c 8 h 6 ch 

N(CH 3 ), 


(m) Rearrangement. W,Af-DimethyJaniline hydrchloridc undergoes 
rearrangement on strong heating under pressure. One methyl group 
migrates to the p-position and the second to the o-position. 


N(CH*) a .HCl 



NHCH S .HC1 



GH S 


NH..HC1 

CHa 

GH a 



This reaction is known as Hofmann-Mar tius rearrange¬ 
ment and is employed to prepare homologues of aniline. 

Uses. It is used as a dye intermediate and for preparing 
dimethylamine. 


ARALIPH ATIC AMINES 

16, Benzylamine, C 0 H 5 CH 2 NH 2 , —It is a typical primary 
aromatic amine and is best regarded as phenyl-substituted methyl - 
amine. 

Preparation. Benzylamine may be prepared : 

(i) By the reduction of phenyl cyanide or benzaldoxime, 

Na/C,H»OH Na/CfHiOH 

G«H b .CN-► QH 5 .CH.NH a <-C a If|CH=NOB 

Phenyl cyanide Benzylamine Benzaldoxime 

( ii) By heating benzyl chloride with ammonia under pressure. 

C*H # CH a Cl + NH.-► C t H 6 .CH 1 NH a +HGl 

Benzyl chloride Benzylamine 

(in) By the action of bromine and caustic potash on phenylacetar 

mide (Hofmann degradation). 

Br,/KOH 

C|H a CH|CONH|-► 

Phenylacetamide Benzylamine 
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Properties. Benzylamine is a colourless liquid (b.p. 458K) 
having a characteristic ammoniacal odour resembling aliphatic 
amines. It differs from aniline in being soluble in water and in 
being more basic. With nitrous acid it gives benzyl alcohol and no 
diazonium salt. 

HOIN IO 

CeHBCHalNlHj+HONO-^C^CH^H+N.+HtO 

On the other hand, it closely resembles aliphatic amines in 
chemical behaviour. When oxidised with potassium permanganate it 
gives benzoic acid. 

1.0] 

C fl H B CH,NH 8 -► C fl H fl COOH 

Benzylamine Benzoic acid 

17. Distinguishing tests for Different Amines. 8 m 

page 2 572. 

QUESTIONS 

Essay Type : 

1. How is aniline prepared in a srate of parity in the laboratory 7 Why is 
aniline less basic than methylamim: ! How will you prepare the following from 
aniline ; 

(i) lodobrnzcne ; 07 ) Suiphamlic acid ; 

(j|7) Phenol 7 C Ravi Shankar B.Sc . 1972) 

2. Wilh the help of a neat diagram describe a method for the preparation 
of aniline. How is aniline purified ? How docs it react with : 

(i) CHgl, 07) IINO a , (07) CHC1, ami KOH, (iv) faming H*S0 4 ? 

(Nagpur B.Sc. 1973) 

3. How is pure aniline manufactured ? How will you convert aniline 
into acetanilide, sulphanilic acid, phenylhydrazine, diphenylamine, dimethyl- 
aniline, thiocarbanilide, o-tolmdine, diphcnylthiourea, benzenediazonium chloride. 

(Delhi B.Sc.> 1981) 

4. Describe the preparation oT Phenylhydrazine. How can you convert 

It into ( i) Aniline, and (r7) Antipyrene ? {Rajasthan B.Sc . 1970 ) 

5. How is Aniline prepaied? Discuss the various methods for dis¬ 
tinguishing between Aniline, TV-Methylanilme and N.JV-Dimethylairiline. 

G. (a) Draw structures and give names of isomeric aromatic amines of 
the formula C 7 H*N. How will you distinguish them from one another 7 

{Rajasthan B.Sc. 1971 ) 

( b) What happens when— 

(f) Aniline and Methyl alcohol vapours are passed over activated alumina 
at 520K. 

(i*0 HNO* reacts with N , TV-dimelhylaniline 7 

Short Answer Type : 

1. What happens when aniline is 1 

(a) warmed with CHCli and KOH, 

(h) treated with cold NaNO* solution and HCi 

(c) acetylated ? {Delhi B.Sc. Hons . Sub. 1976 Supp.) 

2. Explain why aniline is less basic than ammonia. 

{Delhi B.Sc. 1978 a 1976 Supp.) 

3. Why is aniline less basic than JV-methylaniline ? ( Nagpur B.Sc. 1973 ) 

4. Give a brief account of the chemistry of Af-methylaniline. 

(i Sri Venkateshwarn B.Sc. 1972 ) 



Distinguishing Tests fur Different Amines 


2-572 


ORGANIC 


! i z 

2-5 

< 


it m 

oils ass! 


fc-SasI 

P.BZ.B 


I 

Mi‘| 

ail 


M £ " 

III | 

5-Sa? §1 


q.£ £ 
.1 *£ 


1*3 i> 

S3-3 11 


-5--S a 5 u - = i 
8:5 lijja g ■;■ 

2?ss 5IS Iss 


is I 


AROMATIC AMI^CmCOMPOUKDS 


rsn 


5. Give one method of preparation of each of the following: 

(a) Acetanilide* (6) N-Methyianiline. (Kerala 0j$c* 197$) 

6. What are the products obtained when ; 

(0 Acetanilide is treated with bromine ; 

(if) N-Methyianiiine is acted upon by nitrous acid ? (Kerala B.Sc . 1973) 

7. Write mechanism for the ammoftolysis of haldgeno-compounds with 
liquid ammonia giving necessary conditions. 

8* Write canonical forms of the resonance hybrid of aniline. Do*s 
anilinium ion show resondnee 7 

9. What happens when the following arc strongly heated ? 

(i) Methylanilinc hydrochloride, 

(ii) Dimethylanilinr hydinchloridc. 

10. What do you understand from : 

(i) Hofmann degradation ; 

(j 7) Hofinann-Martius rearrangement ? 

11. Write equations for these reactions, between : 

(1) la) Nitrobenzene or NitrDsobcnzene + tin-fhydrochloric acid or iron 
*f hydrochloric acid. ( b) Cliloro benzeneammonia-{-cuprous oxide. 

(2) Anilinc-f (0 jr,S0 4 ; (ii) CH s COCI ; (iil) benzoyl chloride ; (iv) 
methyl iodide : (v) chloroforms alcoholic potash ; (vT) NaNC^+HCl fice-cold 
and hot) ; (vii) Grignard reagent ; (viii) COClg; (lx) CS*. 

(3) Aniline-HO benzaldchydc ; (iV) hypochlorous acid ; (iil) acidified 
potassium permanganate ; (j» sodium ; (v) bcnzenediazoniuni chloride; (vt\ 
bromine ; (vii) fuming sulphuric acid. 

(4) Sulphanilic acid-HO HNO,; (ii) Br*. 

12. What happens when the following react ? Give equations. 

(1) Acetanilide HO ch lor os ul phonic acid followed by reaction with NH t 
and hydrolysis ; (if) HNO a followed by hydrolysis ; {Hi) CjHiBr+KgCO.-l-Cu 
powder. 

C2) (a) Methylanilineff/) HNO,; (i7) Heating. (b) Aniline +HCHO+H*. 

C3) (a) DimethylanilineHO HNO a ; (ii) HCHO or COC1, ; (Ui) 
CJT 8 CHO ; (iV) Heating, (b) Reduction of (/) phenyl cyanide ; (/j) benzaldoximc. 

(4) Benzylamme f (i) nitrous acid ; (ii) acetyl chloride ; (Hi) chloroform 
4- Blcoholie potash ; (iv) potassium permanganate. 

13. Diphenylamine, (C 0 Hj),NH I0~ u ) is a far weaker base than 

aniline (K 6 -~=3*8x J(l- ltf ). How do you explain the difference on the basis of their 
resonance structures ? 

14. p-Toluidinc and p-anisidme (p-CH s O—C S H 4 —NH a ) are stronger 
bases than aniline whereas p-chloroamline and p-nitroanihnc are weaker bases. 
Explain, why. 

15. How will you prepare the following aminos through reductive 
amination. 


(a) C a H»CH.GH a 

I 

NH, 


(b) C.H.CHbNHj. 


16. Reductivo amination of a ketone is a better method for preparation 

R \ 

of amines of the type yCHNH a than ammonolysis of alkyl halides. Explain 
R'' 

why, 

17. How will you bring about the following transformation making use 
of reduction of an amide or nitrile ? 
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Benzoic acid->yv-ethylbcnzy)amine. 


IS. How will you carry out the following transformations : 


(0 Methoxybenzene-*/>-methoxyaniline 


00 Methoxybenzene 



(W) Toluene-*Benzy!-trimethylammonium chloride, 

C I H I CH 1 N+ (CH,), Cl- 

f/v) /?-nitrotoluene-*/>-nitroaniline, 

19. Para nitrosation of yV.W-dimethyl.'iniline is an example 

of C-nitrotation believed to be a nucleophilic substitution reaction in which 
NO+ ion is the nucleophile. 

(a) Explain how NO + ions are formed in an aqueous solution of NaNO t 
and HO. 

(b) Write the steps involved to explain the mechanism of the above 
C-nltrosation. 

2fl. Tertiary aromatic amines and phenols undergo O nitrosation reaction 
whereas most of the other aromatic compounds do not. Assign lea^ons for this 
difference in behaviour. 

21. How will you prepare benzylamine from each of the following 
compounds ? 

(a) Benzyl bromide \b) Benzamide 

(c) Benzaldchydc (d) Benzonitrile 

(e) Phenylacetamide (/) Phenylnitromethane. 

22. Give structures for products of each of the following reactions. 

(a) Aniline -f propanoyl chloride-* 

NH, 

{b) m-Dinitrobenzene+H t S-► 

C.H.OH 

H t O 

(c) p-Toluidine + Br, ( excess ) —► 


HINTS 

H,,Ni 

15 (a) C.H.COCH. + NH,-* 

H gl Ni 

ibi C,H,CHO+NH,-> 

16. Treatment of secondary alkyl halide with ammonia is always acc om« 
wanted by some elimination in addition to substitution. 


C,H|NH* 

17 C,H.COOH-*C,H,COCl-*C,H, CONHC.H, 


HN0,/H g S0 4 
18. (0 Methoxybenzene—--* 

CHgCOCl, A1CI. 

(//) Methoxybenzene—- 


H # .Ni 

-^C t H i CH.NHC l H i 

Fe+HCl 


NH g +H t +Ni 


(Ilf) Toluene 


Cl,, light 


(CH,),N 
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(0 KMnO„ OH- 

(Iv) /J-Ditrotoluene . —» //-nitrobenzoic acid 

07) H.O+ 

—► SO,Cl, followed by NH,-► Br,+KOH 


Problems: 

1. An aromatic compound C,H 7 N (A) on heating with a calculated* 
quantity of GH,I gives C 7 H*N (B) which reacts with nitrous acid to form 
C t H b N v O (C). Hydrochloride of (B) on heating isomerises to another compound 
D. Compound C on heating with hydrochloric acid regenerates B. Identify the 
various compounds A to D and write chemical equations for the various reactions 
involved. 

2. An organic compound C,H 7 N (A) forms salts with acids. On beating 
A with excess methanol and sulphuric acid at 500K under pressure another 
compound C,H U N (B) was obtained. B reacts with nitrous acid to give 
CftHi'NiO (C) which on boiling with NaOH gives C,H,0,N (D). Hydrochloride 
of B on heating to 570K gives an isomeric compound E. Identify the various 
compounds A to E and write chemical equations for the various reactions 
Involved. 

3. An aromatic compound contains C=79'34 per cent; H=9'09 per cent 
and N«11'57 per cent. Its vapour density is 60*5, 

Write the structural formulae of the various isomers of this compound. 
Describe the reactions of nitrous acid on them. 

4. CtH.N (A) is an amine wh ich reacts with Hinsberg’s reagent and the- 
product dissolves in NaOH to give a clear solution. This on acidification gives 
a precipitate. A on treatment with an icc-cold solution of NaNO, and HCt 
followed by treatment with p-naphthol gives an intensely coloured compound* 
A gives a single strong absorption peak in the region 680-810 enr 1 at 815 cm -1 . 
Identify the amine A. 


1 . 



Aniline 

(A) 


ANSWERS 
NH.CH, 


CH,I 



/V-MethyJaniline 

(B> 


HONO 

-> 

4 - 

Heat with 
HCI 


CH.NNO 



N-Nitroso- 
7V-methyl aniline (C> 
NH, 


Heat the 


hydrochloride 


o 

CH, 
/i-Toluidine (D) 


2 . 



Aniline 

tv 


N, N-Dimethyl- 
anilinc (B) 


/?-nitroso- 
N, N-dimetbyl- 
aniline (C) 


p-nitroso* 

phenol 

o» 



ORGANIC CHEMISTRY 
(CH,),N.Ha NHfHCl 

0 ^ 0 “ 

Hydrochloride of B CH* 

(E) 

3 Molecular formula=C a H n N. 

Structural formulae of various isomers 



4 (i) Hinsbcrg’s reaction suggests it is a primary amine. 

(ii) Coupling with fJ-naphthol suggests that it is an aromatic amine 
(no t araliphatic) 

(Hi) It must be CH,—C,H 4 —Nil, (Toluidine) 

(iv) Absorption spectra suggests that it is p-Toluidino. 




Diazonium Salt* 

1* Diazotisation. —Peter Griess, a German chemist, in 1858 
observed that when a primary aromatic amino-compound such as 
aniline or toluidine was treated with an ice-cold solution of nitrous 
acid, the product was an unstable compound known as an arene 
diazonium salt or a diazo-compound. It was so called, for it contains 
the di-azo group, —Ni—(Di=two ; azo from French azote — nitrogen). 

Ar.NH, + HNO a + IIC J-► Ar.N a Cl + H a O 

Primary aromatic Arencdiazonium 

amine chloride 

These are the salts of the strong base aremdiazonium hydroxide , 
Ar.Nj.OH, which is known onlv in aqueous solution and has not yet 
been isolated. The formation of a diazonium salt by the interaction of 
pnmary aromatic amine , sodium nitrite solution and an inorganic 
acid m ice-cold solution is known as diazotisation. 

When primary aliphatic amine is treated with nitrous acid, the 
amino-group is replaced by an —OH gTOup, and nitrogen evolved. 

RNH, + IINO a -► ROH + N t { H a O 

Diazo-compounds may be obtained from aliphatic compounds 
containing primary amino-group (-NH 2 ) provided the amino-group 
is attached to a carbon atom which is adjacent to an electron-with¬ 
drawing group like —GN (cyano), —COR (acyl) or —COOR (carbo - 
alkoxy). For example, aminoacetic ester forms diazoarctic ester, 

HONO 

CH.tNH^COOC.II,- ¥ N.CHCOOC.H* 

Hthylglycine Ethyl diazoacetate 

Greater stability of the arenrdiazonium salts (ArN**) as com¬ 
pared to aliphatic analogues (RN 2 +) may be explained in terms of 
resonance which involves the benzene ring too. 



The fact that aliphatic diazo-compounds are stabilised by the 
presence of a group like —CN, —COR or —COOR is also attiibut- 
ed to resonance. For example, diazoacetic ester is more stable than, 
diazomethane due to extended resonance in the former. 

o o o 

C-OEt^:Ss^~-CH~C~OEf*^:N ! =N=CH—C.=bEi 


2. Nomenclature, —The diazonium salts are named by adding 
( dia2onium chloride’, 'diazonium sulphate’, etc,, to the name of the 
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parent hydrocarbon. For example, C 6 H s N a Cl is benzenediazonium 
chloride, CgHsN^HSC^ is benzenediazonium sulphate while 
j^CHgpCgHiNjHSC^ is p -1 oluened iazon ium sulphate. 

3. Benzenediazonium chloride, C fl H 6 N a CL 
Preparation. Benzenediazonium chloride is prepared by 
treating an ice-cold solution of aniline in hydrochloric acid with an 
ice-cold solution of sodium nitrite with constant stirring. Presence of 
some free nitrous acid (turns starch iodide paper blue) indicates that 
the reaction is complete. 

NaNO, + HG1-► NaCl 4- HNO, 

C a H 6 NH a +HC1-* [CgHsNHaJ+Cl- 

Phenylammonium chloride 


C«H fi N h; 

“Cl 


HO ( \ 
o 


C,H 6 N=N +2H.O 
N — ♦ I 
Cl 

Benzenediazoniimi chloride 
(Blomstrand formula) 


It is unstable and is, therefore, seldom isolated in dry state. 
Its icc-cold solutiou obtained above is used as such wherever needed. 
If, however, crystals of benzenediazonium chloride are needed, these 
are prepared by treating an ice-cold solution of aniline in absolute 
alcohol with concentrated hydrochloric ac id and then adding amyl 
nitrite drop by drop. On standing and cooling crystals of 
benzenediazonium choride separate. 

Diazotisation on a commercial scale is done similarly in the 
manufacture of dyes. 


The acid used is taken in excess to krep the mixture stiungly 
acidic which is necessarv to prevent coupling of benzenediazoniura 
chloiide with excess of aniline (see page 2 582). Since cxress of nitrous 
acid present in benzenediazonium chloride solution interferes with its 
subsequent rear lions, it is destroyed by addition of small quantity 
of urea. 


Properties : Physical. Benzenediazonium chloride is a 
coloui less, crystalline solid, readily suluble in water but it is less 
soluble in alcohol. It turns brown on exposure to air. While quite 
harmless in aqueous solution it is dangerously explosive in the dry state. 

Chemical. Reactions of benzenediazonium chloride arc the 
general reartions of diazomum salts and may be divided into two 
groups : (i) Those involving displacement of the diazo-gioup by 
another univalent group with the liberation of nitrogen gas, and ( ii ) 
those in which the two nitrogen atoms are retained. 

(a) Replacement Reactions. The replacement reactions are 
samples of unimolecular nucleophilic substitution (S^l). 


Oi Slow 

ArN a — X^Ar—N f + -► Ar+ 

+X- ~N, 



H.O 


-► 

Fast 

CN“ 


x- 


ArOH + H + 
Phenol 
ArCN 
Aryl cyanide 
ArX 

Ary halide 
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(1) Replacement bp Hydroxyl Group. Benzeuediazomum chlo¬ 
ride solution on boiling or when steam distilled gives Phenol (the 
diaaco*group is replaced by hydroxyl group.) 

C fl H 5 ; N7cr-f H |OH-► C 8 H 5 OH + N a +HCl 

Phenol 

(2) Replacement of Hydrogen, On reduction with sodium stan* 
nite (alkaline stannous chloride), or hypophosphorous acid (most 
useful) benzenediazonium chloride gives benzene (diazo-group re- 
placed by hydrogen atom). 

C a H,N 1 ^l- + H i PO a + H.O-* C a H«+N a +H a PO g +HCl 

An especially elegant way of carrying this replacement is to 
use hypophosphorous acid as diazotising agent, the diazonium salt 
is reduced as fast as it is formed. 

This reaction provides a method of removing an —NHj or 
—NO a group from an aromatic ring. 

(3) Replacement by Halogens, 

(a) Sandmeyer Reaction (1884). When benzenediazonium 
chloride solution is added to a solution of cuprous halide dissolved 
in corresponding halogen acid, a phenyl halide is obtained (diazo- 
group is replared by a halogen atom). 


CuCl/HCl 


cy^NjOi-> c„ir,ci 

Chlorobenzene 

Cutir HBr 

+ 

N. 

(ff-) 

C a H a N,Cl - * C 4 II s Bi 

Biomo benzene 

+ 

N, 

(g.) 


The mei hauisrn of the reaction is uncertain but possibly the 
reaction proceeds thiough free radical mechanism as given below r : 

(») Cupious chloride or bromide gives a complex ion, e.g., 

(luClr- 

CuCl f CP-* CuCI*- 


(i») The diazonium salt reacts with the complex ion when 
aryl radical it believed to be generated by an electron transfer, 
coupled with loss of nitrogen. 

Slow 

ArN a + + Cu—Cl,-► N| + Ar’ + Cu—Cl 2 

(ui) Finally the free radical abstracts a chlorine atom from 
cupric chloride. 

Ar‘ + Cl—Cu—Cl-► ArCl + CuCl 


(, b) Gattermaon Reaction (1890). Cuprous salts used as 
catalyst in the Sandmeyer reaction are replaced by finely divided 
topper in this reaction. The rest of the process is similar to the 
Sandmeyer reaction. 

Cu 

C*H*NjCl-► C«H 5 C1 + N, 

Cu 

C,H^f a Br -► C a H a Br + N, 
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(c) lodo-compounds. On boiling bcnzenediazomum chloride 
with aqueous potassium iodide solution, the diazo-group is replaced 
by iodine atom and constitutes the best method for introducing an 
iodine atom into the benzene ring. 

C,HJ n;ci K I-►C.HJ + N.+KGl (74-76%) 

(d) Fluoro-compounds. Replacement of diazonium group 
by —F is carried out by treating arenediazonium salt solution with 
fluoboric acid, HBF 4 wlien arenediasonium flnoborate, ArNa+BFi*' 
is precipitated. Tin's is termed Schiemann reaction. This is 
filtered, washed, dide l and heated when dry diazonium fluoboratc 
decomposes to yield aryl fluoride. 

HBF, licat 

ArIVX--► ArN 2 + Br 4 “-► AiF + BF. + N, 

ppt 

Utility of synthesis of aryl halides from diazonium salts. 

Diazonium salts air* used in the p r eparatiou of aryl fluorides and 
iodides which cannot be prrpared by direct halogcnation. Aryl 
chlorides and biomidrs can be prepared by direct halogenation but it 
is difficult to isolate the pure compound from the mixture of o - and 
p-isomers obtained because of similauty of their boiling points. 
Diazonium salts obtained lrom niLro compounds (which are available 
pure) are used for the preparation of bromides and iodides. 

(4) Replacemrnl by a Cyano-group. Benzenrdiazonium chloride 
solution on treatment with cuprous cyanide dissolved in aqueous 
potassium cyanide, K 3 Cu(CN) 4 or with aqueous potassium cyanide in 
the presence of copper powder, gives benzomtrile. This is a special 
case of Sandmeyer and Gattermann reactions. 

K,Cu(CN)« 

G«H 6 |N 2 C1 4- K|CN-> C,H 6 CN + N s + KC1 (65%) 

BenzonitriJe 

C B H fi lN^3 T7 K GN -C a H 6 CN + N a +KC1 (60%) 

Benzonitrile obtained above can be used for the synthesis of 
benzoic acid and bcnzylamine by hydrolysis and reduction respectively. 

4H 2H t O 

C*H 6 CH ? NH a — C*H S C=N-► C fl H 6 COOH 

Bcnzylamine Benzonitrile —NH S Benzoic acid 

(5) Replacement by Nitro-group. This is carried out by carrying 
on diazotisation with nitrous acid in the presence of cuprous oxide. 

__ Cu*0 

C b H # )N 2 G1 -f H|NO*-* GaHgNO, + N, + HC1 

Nitrobenzene 

(6) Rejrtactmcnf by an Aryl grovp. On treating benzenedia- 
z jnium chloride with ethanol and copper powder diphenyl is produced. 

QHiOH 

rC.H^Cl-► C.Hb-CbHb + 2N, + 2HC1 

Cu 
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Diphenyl is also obtained when benzene is added to an alkaline 
solution of the diazonium salt. 

NaOH 

C*H*N a Cl + C a H fl -► CACJIs + N» + NaCl 4* H*0 

The reaction is termed Gomberg Reaction* 

The reaction takes place by a free radical mechanism. 

—OH- 

G b H 5 N t + Cr-^ G a H 5 —N=N—OH-* C a H B '-fN 2 + OH 

C B II 6 - + G s H fl + OH-► G e H,—C 6 H 6 + H a O 

Meerwein reaction. Diazonium salt* add to compounds 
containing activated ethyleuic b md in acetone solution in presence 
of cupric salt. For example benzenediazonium chloride adds to 
acrylonitrile with elimination of nitrogen. The mechanism is 
uncertain but is generally considered to be homolytic addition 
occurring at the (3-position. It is became free radical obtained from 
oi-acidition is less stable than the one formei from ^-addition. 

(W - GH.-CHG\ - - G 6 H 5 GH i —GHGN 

Cu 14 - + Cl- 

— Cu+ + C a H B CH 4 CIJCN T ---> C a Tl 5 CH 2 CHClCN 

Addition to a, 8- unsaturated acid is accompanied by decar¬ 
boxylation, e.g., benzenediazonium chloride adds to cinnamic acid 
to give stilbene. 

G l lT 6 N a + Cil” (- C B H 5 CH = CHCOOH —C B H B CH=GHC a H 5 

cinnamic acid &tilbene 

+ N 2 4 CO* + HC1 

(6) Reactions in which the Diazo-group is retained t 

(1) Reduction, Bcnzencdiazoniuin ihloiide on reduction with 
stannous chloride and hydrochloric acid or with sodium sulphite 
gi\ rs phenylh}draziiic. 

SnCL./HCI 

C.H.-N-N—Cl + 41H]- h. G e H 5 .NH.NH r HCl 

Bcnzcnediazomum Phenyl hydrazine 

chloride hydrochloride 

With vigorous reducing agents like Zn -r HGJ the product is 

aniline.. 

Zn/HCl Zii/IKI 

C*H 6 N a Cl-* [C 6 H 6 NH.NH 3 1-* G 0 H B NH* + NH a 

(2) Coupling . It gives azo-dyes by coupling with phenol, aniline 
or their derivatives. 

Benzenediazonium Phenol p-hydroxyazoben?eue 

chloride {Orange dye) 

OC.2,*3*207 
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</ V)N s fCl 4 H| HN 

Aniline Diazoarainobenzene 

Isomeriscs when wanned /t i\ /* 

-* (f \)n=-NV VNH a 

to 300-31 UK or when left \ / \ / 

in the mother liquor x * ' — * 

/>-anuno azobenzene 

With primary and secondary amines coupling may take place at 
the nitrogen atom to form diazoamino-Loinpounds (Mazo-compounds) 
or directly with the mu lens to fon*n aminoazo compounds (C-azo 
compounds) depending upon the nature of the amino-compounds and 
of the solution. 

With teitiarv amines coupling takes place diro tly with the 
nucleus, e, t g.< A\A r -dimrthylaniline. 


{/~ ^)N=N|CI HLl^ 


N(PH S ) S - 


iV, jV-Dimethbaniline 




BenzciKdiazomum 

chloride 


^-Dimclhvlammoazobenzcne 

With phenol coupling is best cariied out m faintly alkaline 
solution and with amines in faintly acid solution. The azo-group 
enters mainly the ^-position to the hydroxyl or ammo-group but in 
* asc this position is not vacant, ioupling*takos pla^c m the o-position 
but never in the w-position. For example, on treating 3-mcthylphenul 
with beuzeneihazoniurn chluude coupling occurs in the <?.position. 

OH OH 

; H I Cl N.C.H, j^jjN= N.C.H, 

CH, CH, 

With excess of diazonium salt the bisazo- (o- and ]>-) and the 
tn tazo compound may be produced. 

OH OH OH 


CitlfiNgCJ 


y' r,N»c*H, 


n,c,h, 


N.C.H, 

Bisazo-compound 


C„H,N, 


IN.C.H, 


N,C,Hj 

Trisazo-compound 
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Introduction of second azo-group is facilitated by the presence 
of an alkyl group in the p-position to the hydroxyl group, or by two 
hydroxyl groups in the wi-position. 


In case a compound contains both —OH and NH a groups, 
the coupling takes place in o-position to amino-group in acid 
solution. In alkaline solution coupling takes place in o-position to 
hydroxyl group. 


OH 

j^jjN,C.H, 


NH a 


C b H 6 N„CJ 


alkaline 

solution 


OH 



C 4 H,N t CI 

- ► 

acid 

solution 


OH 

N.C.H, 

NH t 



In cases where a —COOH or —SO a H group is present in p- 
position to —OH, it is replaced by azo-group during coupling. 

OH OH OH 

O C.H.N.C1 

— 

n 2 c b h. so 8 h 

p-hydro\y- p-hydroxy* p-hydroxy- 

benzoic add azobenzene bcnzenesulphonic acid 

Mechanism of coupling. Coupling is an electrophilic sub¬ 
stitution reaction as the attacking reagent , the arenediazonivm ton, 
ArN« * is an electrophile . This, being very weakly electrophilic, is 
Capable of attacking only very reactive rings. Coupling is, therefore, 
activated by electron-releasing groups, generally —OH, —NH a , 
—NHR, or NR a . Arenediazonium ion is a reasonancc hybrid of 
I and II given below : 




COOH 



Since II is the 'reactive* contributing reasonating structure, any 
factor that increases its contribution will increase the reactivity of the 
diazonium ion. Since electron-withdrawing groups would favour {II) 
and electron-releasing groups would favour (/), the diazonium ions 
with electron-withdrawing groups are more reactive. Thus the 
p-nitrobenzenediazonium cation is 10,000 times as reactive as the 
p-methoxy ion under the same conditions. The 2, 4, 6-trinitrobenzene- 
diazonium cation is so reactive that it couples with mesitylene. 
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Importance of adjustment of the coupling medium to the right 
degree of acidity or alkalinity can be explained as follows : 

In the presence of OH“ the diazonium ion, ArN a + exists in 
equilibrium with an unionized compound, Ar—N—N—OH and 
salts (Ar—N=N—0”Na+) derived from it, which do not couple. 
NaOH NaOH 

[Ar—N=N:] + OH” ^ Ar—N-N—OH ^ Ar—N«N—O’Na* 
Couples H + Does not couple H + Does not couple 

Hence so far as the electrophile is concerned, coupling ia 
favoured by low concentration of OH”, i.e., by high acidity. 

But what is the effect of high acidity on the amine or phenol 
with which the diazonium salt is reacting 7 Acid converts an amine 
into its ion, which is relatively unreactive due to its positive charge. 
Hence higher the acidity, lower the rate of coupling. 


NH a NH.+ 



Couples Does not couple 

A phenol is appreciably acidic and in aqueous solution it exist* 
in equilibrium with phenoxide ion. 


O' OH 



Couples rapidly Couples slowly 

—O being more powerfully electron-releasing than —OH, the 
phenoxide ion is more reactive than phenol. The higher the acidity 
of the medium, the lower the proportion of phenoxide ion and the 
lower the rate of coupling. 

The following conditions under which coupling proceeds mosl 
rapidly are the result of a compromise : 

(i) The solution must not be so alkaline tliat the concentration 
of diazonium ion is too low. 

(n) It must not be so acidic that the concentration of free amine 
or phenoxide ion is too low. 

This is why amines couple fastest in mildly acidic solution and 
phenols couple fastest in mildly alkaline solution . 

4. Use of Di&zoninm Salts in Organic Synthesis. —From 
the properties of benzenediazonium chloride as given earlier we find 
that diazonium salts are very reactive compounds and give rise to a 
variety of products, e,g, t phenols, hydrocarbons, ethers, halogen deriva* 
lives, cyanides, amines, acids, nitro-derivatives, phenylhydrazines 
and azo-dyes. The amines from which diazonium compounds are 
prepared are readily obtained from the corresponding nitro com- 
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pounds, which arc prepared by direct nitration. The diazonium salts 
thus provide a powerful synthetic instrument in the hands of an organic 
chemist. 

HNO.+ H NaNO. 

ArH-► ArNOj —> ArNH,-* ArN a + 

H s S0 4 +HC1 

Z73K 

-►ArF 

>ArCl 

-►ArBr 

ArN,+-►Arl 

ArCN -► ArCOOH 
-►ArOH 
>ArH 

5. Structure of Benzenediazonium Chloride. 

(1) Griess (1864) thought that both the nitrogen atoms present 
in benzenediazonium chloride were attached to the benzene nucleus 
and assigned the following formula to it. 

/ N < 

C,H t < II X C1 
X N 

(2) Kekule (lo66) believed that only one of the two nitrogen 
atoms was directly attached to the nucleus as in its various reactions 
N 2 C1 group is replaced by a univalent radical (e.g., OH, Cl, CN, etc.). 
This view is further confirmed by the fart that tetrabromo-sulphonic 
acid of aniline yields a diazo-compound in which the four bromine 
atoms and the sulphonic group are still present. He further suggested 

the/bnnula 

C a H 6 —N = N—Cl 

for bcnzenedia/ojiium chloride. Kekule’s formula is supported by the 
following reactions of benzenediazonium chloride : 

(i) Formation of phenylhydrazine by reduction. 

(»i) Formation of azo-compounds by coupling. 

(3) Blomstrand (1869) argued that since diazonium salts re¬ 
semble ammonium salts closely, there must be one pcntavalent nitrogen 
in benzenediazonium chloride as in ammonium chloride. 

The supposed analogy between diazonium salts and ammonium 
salts is borne out by the following facts : 

(0 Both ammonium and diazonium salts form colourless crystals 
soluble in water. 

(ii) Salts of both types with strong acids are neutral to litmus 
while salts with weak acids are alkaline to litmus. For example, 
chlorides and sulphates are neutral while carbonates and acetates of 
both types are alkaline to litmus. 

(Hi) Both the types of salts have practically the same ionization 

constants. 
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He suggested the following structural formula for it: 

C 8 H,—N=N H—N & H, 

Cl Cl 

Benzenediazonium Ammonium 

chloride chloride 

In the modern terminology benzenediazonium chloride is 
represented by the formula [C fl H B —N=N : J+C1“'. 

Blomstrand’s formula is further supported by the following facts : 

(i) Electrical conductivity measurements by Goldschmidt 
(1890) showed that the molecule of diazonium salt dissociates into 
two ions. 


(ii) Diazonium compounds arc unstable and explosive in the 
solid state. They difTer from azo-compounds which are very stable. 
The structures of the two must, therefore, be completely different. 

(ni) From infra-red absorption spectra of diazonium salts, it 
has been shown in 1955 that there is a triple bond present in dia¬ 
zonium salts. 


(tv) It readily explains the formation of benzenediazomum 
chloride from aniline wliich can be diazotised only in the form of its 

salts. 


C 6 H b —N=H b + 


Cl 


Aniline 

hydrochloride 


HO 

\n -* C,H 6 —N=N+2H,0 
OS I 


Cl 

Citrous Benzenediazonium 

acid chloride 


(t>) It explains satisfactorily the formation of products obtained 
by replacement of N a Cl group by monovalent groups (e.g., Cl, I, CN, 
etc.) with elimination of nitrogen. 




—N=N+Ki I — 

I ' 

Cl 


C.HJ+N.+KC1 


(4) Von Pechmann (1892) proposed the nitrosamine structure 
C 6 H B NH.NO for benzenediazium hydroxide. He explained the two 
forms of diazoates (diazotates) as structural isomers. 


C t H B N«N.OH 

n-diazohydroxide 

ir 

C 8 H 5 N«N.ONa 

n-diazoatc 


C^NH.NO 

ijo-diazohydroxide 

i 

C 8 H B .NNa.NO 

fco-diazoate 


(5) Hantzsch (1895) explained the existence of diazoates as 
geometrical isomers. He adopted the Kekule formula since absence 
of free rotation about the double bond (—N*«N—) can give rise to 
geometrical isomerism which is not possible with Blomstrand formula. 

The two geometrical isomers of diazoates are : 
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c € h,~n 

NaO—N 

Sod. n-diazoate 
(jy/i-form) 


C«H 4 —N 
If 

N—ONa 
Sod. Sro-diazoate 
(fl/j/i-form) 


According to Hantzsch, benzenediazonium chloride has the 
Blomstrand formula [C 8 H$—N=N] + G1~ in acid solution . 


This is the salt of the base benzenediazonium hydroxide 
[C s H 6 —N=N] + OH~ which has never been isolated. On making 
alkaline it gives diazonium hydroxide which rearranges to the 
diazohydroxide. The diazoates are the salts of this diazohydroxide. 
The mechanism of changes may be represented as follows : 

+ NaOH + 

[G b H 6 —N=N:] Cl-V LC,H b -N£=N:1 OH“ 

Benzencdiazonium Benzenediazonium 

chloride hydroxide 


C t H B N 


:N : 4- 

NaOH 


4 OH" .. .. 

+ C ft lI 5 —N~N: r=i C 6 H B —N = N—OII 

Benzcnediazo hydroxide 

| GJ f 6 —N =*N—O :] Na 
Diazoate 


6. Phenyl hydrazine, C B H 6 NH.NH S . 

Preparation. Phenylhvdrazinc is prepared by the reduction 
of benzenediazonium chloride with acidified stannous chloride. 

SnCl./HCl 

C.II,N B C1+4[H]-►C e H 6 NH.NH 2 -HCl (v.g.) 

The reduction may also be rarried out with sodium sulphite. 
Benzenediazonium chloride is poured into aqueous sodium sulphite. 
Concentrated hydrochloric acid is next added to the mixture which 
is then heated on a water-bath. 


Properties. It is a colourless oily liquid (b.p. 514K) when 
freshly distilled but darkens on standing due to oxidation by air. It is 
very slightly soluble in water but very soluble in organic solvents. 
It has an unpleasant smell and is poisonous in nature. Various 
chemical reactions of phenylhydrazinc are : 

(i) Basic nature . It is strongly basic in character and forms 
well-defined salts such as phenylhydrazine hydrochloride, 

C 8 H 6 NH.NH*.HC1. 

(h) Reducing action . It is a powerful reducing agent .and 
reduces Felding’s solution in the cold. 

^HbNH.NH* + 2Cu a +f40H--► C 8 H B + Cu.O + N, + 3H.O 

(From Fettling's solution) Red ppt 

(Hi) Reduction . On reduction with vigorous reducing agents 
(e.g . 9 Zn+HGl) it gives aniline and ammonia. 

Zn/HC! 

C e H|NH.NH |+2[H]-►C f H s NH,+NH, 
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This reaction shows the structure of phcnylhydrazrne. 

(w) Formation of Phenylhydmzones and Osazones. With alde¬ 
hydes and ketones it condenses to give phenylhydrazones while 
with sugars like glucose and fructose it gives osazones. 

7. Diazoaminobenzene, C ( H 6 N«N.HNCSeH B . 

Preparation. Diazoaminobcnzene is formed when benzene* 
diazonium chloride icacts with aniline in weakly acidic solution. 

C^H^NjCl _+_ H NII.C b H 5 -► C«H b N==N.NH.C 8 H 4 +IIC1 

It may be prepared by treating anibne hydiochloridc with 
calculated quantity of sodium nitrite just sufftotnt to diazotise half of 
the aniline and then adding sodium acetate. 

C I H I N I |C1 jt- H NHCgH|4 CH s COONa-► 

C 8 H B N=N.NHC f H 5 +NaCl -j CH.COOH (v.g.) 

Properties. It exists in two forms—golden-yellow prisms 
(m.p. 371K) and yellow prisms (m.p. 353K). It is insoluble in watrr 
but soluble in ethanol and ether. It explodes when heated lapidly. 
Tts various rhemiral properties are : 

(f) Basic Nature. It is feebly basic in character and does not 
form stable salts with acids. 

(it) Hydrolysis . On boiling with dilute sulphuric acid it 
liberates nitrogen and forms phenol and aniline. 

OH | H H,SO. 

C,H ( I N=N |NHC,H,H H,0-* C,H 6 OH+N,+C,H s NH a 

(Hi) With Cone. HBr. On boiling with concentrated hydro- 
bromic acid it gives bromobenzene and aniline. 

Br iH 

(^H*N«N.lKHG a H l +IlBr->■ C.H»Br + N 1 +C,H i NH I 

Bromobe^zene Aniline 

(tV) With NaN0 9 and HCl . With sodium nitnte and hydro- 
rhloric acid it gives benzenediazonium chloi ide. 

C l H i N*N.NHC 8 H fi +HNO,+2HCl-v9C t : HrN C1+2H.O 

(u) Rearrangement . On warming diazoaminobenzene at 300- 
31 OK with a small amount of aniline hydroc'iloride Icataly**) r r when 
the precipitate is left in contact with the mother liquor lor several 
days it gives p-aminoazobenzene. 

c.h,.n=n-nh<^~^)_^g,h 6 n. n- 0nh, 

Diazoaminobenzene /?-Aminoazobcnzcne 

8. Dyeing and Calico-printing.— To ensure fastness, azo¬ 
dyes, highly insoluble in water, are directly produced on the fabric by 
coupling. The cloth to be dyed is soaked in an alkaline solution 
of a phenol, e,g. t (3-naphthoI, and dried. It ib next immersed in an 
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ice-cold solution of a diazonium salt when Coupling takes place and 
an azo-dye is deposited within the pores of the fabric. The azo-dye 
being highly insoluble in water, the colour is fast to washing. 

For Calico printing, (Lnaphthol is made into a paste with 
starch, gum, albumen, casein or glue. The desired design is printed 
on the cloth with this paste with the help of a hand block or an 
engraved cylinder and dried. It is next immersed in an ice-cold 
solution of a diazonium salt when the desired pattern or design is 
obtained in beautiful colours. 

9. Aliphatic Diazo Compounds. —The aliphatic diazo 
compounds are characterised by the presence of the group >CN f . 
Aliphatic amines cannot be diazotised like the aromatic amines but 
the esters of aliphatic amino-acids can be converted into riiazo-estera 
by treating them with sodium nitrite and hydrochloric acid in 
aqueous solution. These are highly reactive compounds. 

10. Diazomethane, CH a N a . 

Preparation. Methylamine is treated with ethyl chlorofor- 
mate to give N-methylurethan. This is treated with nitrous acid in 
ethereal solution when we get jV-mcthyl-AT-nitroso-urethan which on 
warming with methanolic KOH gives diazomethanc. This is 
collerted in cooled ether. 

Cl.COOC,H, HOMO 

CH,NH a -* CH b NH.COOC*H*-► 

Methylamine A r -methylurethan 

KOH 

CHaNfNOJCOOG.H,-► CH^+CO.+C^OH 

jV-mcthyl-A-nitroso- Diazo- 

uretban methane 

Properties. It is a yellow gas poisonous in nature, soluble in 
ether. Liquid diazomethanc (b.p. 249K) is explosive in nature but 
the ethereal solution is fairly safe to handle. Reactions with diazo¬ 
methane are, therefore, usually carried out in ethereal solution. It is 
an important methylating agent. Various chemical reactions of 
diazomethane are : 

REACTIONS IN WHICH N t IS LOST : 

With substances containing an active El-atom. Nucleophilic 
attack by diazomethane on compounds containing active hydrogen 
converts CH 2 into —CH a with evolution of N s gas. 

(i) With halogen acids . 

CHgN.+HCl-* CH.C1+N. 

(if) With acidic hydroxyl group (e,g. 9 —GOOH, —SO r OH, 
phenols and enols). 

RCOOH+CH t N a -► RGOOCH^N, 

Ester 

(iff) With alcohols in presence of aluminium alhoccide (catalyst). 
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(*) 

(*) 


ROH+CH 1 N l 

With aldehydes. 
RCHO+CHjN, 


AKOROi 


ROCH g 

Ether 


+ N g 


RCOCHi +N a 


With ketones in presence of water as catalyst. 

O 

CH*N| /\ 

CH.COGH,-► CH,GOCH i .CH l +(CH 1 ) ]1 C—GH. 

Acetone Butanone Ethylene oxide 

(Higher ketone) derivative 

(t>t) With amines . 


RNH.+CH.N,-► RNH.CH.fN, 

Primary sec. amine 

amine 

(vii) With amides. 

RCONH 2 + CHjN,-► RCONH.GHa + N t 

N-methylamide 

REACTIONS IN WHICH N a IS RETAINED : 

(I) Reduction. It is reduced by sodium amalgam to methyl- 
hydrazine. 

Na/Hg 

CHjN 2 +4H-► CH 3 NH,NH 2 

Methylhydrazine 

(it) With alkenes and alkynes. With ethylene it forms an additi m 
compound pyrazoline while with acetylene it gives pyrazole. 





H,C CH 

CH, 



1 II 

II 

+ 

CH,N, - 

-► H,C N 

CH, 



\/ 

Ethylene 



NH 




Pyrazoline 




HC CH 

CH 



II II 

10 

+ 

CH S N, - 

-*. HC N 

CH 



\/ 

Acetylene 



NH 


Pyrazole 


Diazomethane is best represented as a resonance hybrid of the 
following resonating structures : 


CH a =sN=N: ►CH,—N=N:«~*CH,—NaN>-►CH,—N-=N : 

(I) (II) (III) 

Under appropriate conditions, diazomethane can act as an 
electrophile (II) or a nucleophile (III), as a 1, 3-dipole (IV), or as a 
source of methylene (see page 2'34). 

11. Diazoacetic eater, Ethyl diazoacetate, CHNiCOOG^^ 

Preparation, Diazoacetic ester is conveniently prepared by 
treating a cooled solution of the hydrochloride of ethylglycine 
with a cold solution of sodium nitrite. 
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Cl ” H l N~CH a .COOC a Hi+ NaN O a -*> N a CH. COO G K H ( +NaCl-f2H a O 
Ethyl glycine hydrochloride Diazoacetic ester 


Properties. It is a yellow oil (b.p. 414K) insoluble in water 
but soluble in alcohol and ether. Its reactions given below are 
similar to those of diazomethane. 

REACTIONS IN WHICH N a IS LOST : 

(i) When bailed with dilute halogen acid, glycollic ester is 
produced. 

Oil. 

N a CH. COOCiHj + H a O-► CHaOH.COOCgH.+N, 

HCl Ethyl glycollate 

(«) With concentrated halogen acid t ethyl halogeno-acetate fs 
produced. 


N a CH.COOC a H B +HCl-► CH^ICOOC^ + N, 

Ethyl chloroacetate 

(in) With compounds containing an active hydrogen atom, e.g mt 
acetic acid and ethanol. 

CH a COOH+N a GHCOOC a H # -► CH^O.OCHaCOOG^+N, 

Acetic acid Acetylglycollic ester 

G,H»OH 1 X 2 CHCOOC a H 6 -► C, a H 6 O.CH a COOC a H B +N a 

Ethanol Ethyl ether of glycollic ester 

(tv) With iodine. 

N a CHCOOC a H B + I a -* GHI a .GOOG a H a +N a 

Ethyl diiodoacetate 

REACTIONS IN WHICH N* IS RETAINED : 


(») Formation of heterocyclic compounds with eihylenic and 
acetylenic compounds . 

H a C-CCOOC.H, 

+ N a CHCOOC a H 5 -► | II 

H a G N 

\/ 

NH 

Pyrazoline-3-carboxyIic ester 

HC-C.COOG a H a 

+ N a CHCOOC a H B -► II || 

HC N 

\/ 

NH* 

Pyrazole-3-carboxylic eater 

On reduction with zinc and acetic acid, it gives- 


CH, 

II 

CH, 


CH 

ID 

CH 


(Ji) Seduction . 
glycine ester and ammonia. 


4H 


N.CHCOOCtH.-► HiN.CHjGOOGgHg+NH, 

Glycine ester 


Essay Type: 


QUESTIONS 


I. 

pared 7 


(a) What is diazotisation 7 How is benzenediazonlum chloride pre- 
Describe its synthetic use. 

(Calicut B.Sc t 1974 ; Kamraj 1981 ; Jabalpur 1973 ; Maratkwada 1972 > 
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(b) How and under what conditions does benzenediazonium chloride react 
with (0 aniline, (fi) phenol ? (Bangalore B.Sc . 1974) 

2. How is benzenediazonium chloride prepared in solution ? What is its 
reaction with— 

(a) dimethylanilinc iu a neutral aqueous solution ; (b) alkaline sodium 

stannrte solution; (c) stannous chloride dissolved in eonc. HQ ; (d) potassium 
oxdide ; (e) cuprous biomide ami HBr ; (/) alkaline solution of phenol ; and 
if) P-naphthol dissolved in NaOH ? {Jammu B.Sc, 1977) 

3. How is phenylliydrazine prepared ? Describe its important properties 
and uses 

4. Describe the laboratory method for preparation of Benzenediazonium 
chloride. How will you prepare the following compounds from it: 

(a) Chlorobenzene ; (6) Phenol ; ( c) Benzoic acid ; (d) Benzene ; (r) Nitro- 
b enzene ; (/) lodobenzene ; Phenetole ; and (A)/^Hydroxyazobenzenc 7 

(Kamraj B.Sc. 1981 ; Delhi 1972 ; Punjab T.D.C. 1 , 1971) 

5. Give the preparation, properties and uses of diazo-acetic ester. 

6. By use of a diazo reaction as one step in the process show how you 
•w ould prepare: 

(0 Toluene from p-dinitrotoluene. (if) 2:4: 6-Tribromophenol from 
aniline. {Hi) 3-Chloromethoxybenzene from m-dinitrobenzene. f/r) m-Dichloro¬ 
benzene from benzene. p-Toluic acid from p-toluidine. *>/) m-Hydroxyben- 
zaldehyde from benzaldehyde, ( vii ) /?-Dichlorobenzene from benzene. (Wii) 
/>-Bromophenol (/x) m-Biomochlorobenzene. (x) p-Chlorophenylacetic acid, (xf- 
2 : 5-DimelhyJ phenol from /?-xylene. (xii) m-Chlorophcnylacctic acid. 

■Short Answer Type: 

1. What is diazotisation ? Discuss its mechanism ? 

(Delhi B.Sc. Hons. 1977 ; Nagpur B.Sc. 1974 Su Pr .) 

2. How docs :i diazonium salt differ from a diazo compound 7 

(Delhi B.Sc . Hons. 1977 , 76) 

3. Describe briefly how the diazotisation of aniline is carried out. 

(Delhi B.Sc . Hons. 1976) 

4. By using diazo reaction as one of the steps in the process, show how 
you would obtain the following from aniline : 

(o) (r) 1, 3, 5-tri-bromobenzene ; (li) phenol ; 

in!) p-hydroxy-azobenzene. (Delhi B.Sc. Hons. 1976) 

(b) (/) phenylhydrazine, (ii) Methoxybcnzene 

(Hi) Diazoaminobenzcnc. (Nagpur B.Sc. 1974 Supp.) 

5. Write a short note on synthetic uses of diazonium compounds. 

(Delhi B.Sc. 1976 Supp.) 

6 Excess of mineral acid is used in diazotisation process. Suggest 
reasons. 

7 Benzenediazonium chloride couples with phenol but not with anisole. 
Explain why. 

8. 2, 4 Dinitrobenzenediazonium chloride couples with methoxybenzene 
and 2, 4. 6-Trinitrobenzcnediazonium chloride couples even with mesitylene. 

Give reasons. 

9. Would you expect p-toluencdiazonium chloride to be more or less 
reactive as a coupling reagent than benzenediazonium chloride 7 

10. Outline the synthesis from benzene or toluene of the following com¬ 
pounds : (7) m-nitrotoluene, m-iodotoluene, 3,5-dibromotoluene, 1,3,5-tri- 
hromobenzene, the three toluic acids and the three metbylphenols. 

(ii) m-dibromobenzene, m-iodonitrobenzene and m-fluoroaniline. 

It. Write equations for the reaction of p-nitrobenzenediazonium chloride 
with • (/) m-pheny 1 enediamine, (H) hot dilute H,SO«, (lit) HBr+Cu* 
xnethylphenol (>) KI P (v/) CuCl, (WO CuCN, (vili) HBF«, then heat, (lx) H«PO, 
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12 . How cao you prepare the following compounds ? 

(0 m-NitroanUine (ii) w-Chloroaniline 

(WO e-Nitroaniline (iv) 1,3-Benzenediamine 

(v) p-Nilroamline (vi) m-Bromuaniline 

13. Starting from p-toluidine how can you prepare ; (a) m-Bromotoluene 
and (ft) 3,5-Dibromotoluene ? 

14. How will you prepare o- and p-bromo toluene beginning with toluene 
by a method other than direct bromination of toluene ? 

15* How can you convert p-nllroanilinc into 1 , 2 , 3-tribromobenzcne ? 

HINTS 

12. (0 and (ip) Nitration of benzene at 370K followed by reduction with 
H,S-fNH, in (0 and Sn-f HC1 in (fv). 

(i0 and (v) m-Nitroaniline obtained in (i) on diazotisation and the 

treatment with CuCl in ( ii) and CuBr in (vf) followed by reduction of nitro 
group to NH t . 

(iff) and (v) Aniline on acetylation followed by nitration gives o- and 
f-nitroacetanilide which is hydrolysed and separated ^ 

13. (a) (/) Acetylation followed by bromination and then hy^'ygis. 

(ii) Diazotisation followed by reduction with H a PO a . \ 

(b) Bromination followed by diazatisation and then H a PO a . 

14. Nitration—reduction—diazotisation—CuBr. 

15. Bromination—diazotisation followed by CuBr—reduction with 

Fe/HCl Followed b> diazotisation followed by H,PO,. 

Problems : 

1. An organic compound A has the molecular formula CfH 4 0|N s . On* 
reduction with tin and hydrochloric acid it gives CtH fl Nf (B). On reduction 
with (NH 4 ) s S, A gives CaH«0|N s (C) which on diazotisation followed by treat¬ 
ment with cuprous chloride gives C 0 H 4 O 2 NCI (D). On reduction with tin and 
hydrochloric acid followed by diazotisation D gives C|H 4 N v CIj (E) which on 
treatment with methanol gives mainly C 7 H 7 OCI (P). Identify the compound 
A to F. 

2. On nitration acetanilide gives two isomeric compounds A and B- 
having molecular formula C B H g O,N a . A on reduction with tin and hydrochloric 
acid gives C*H a Ni (C) which on diazotisation followed by treatment with CuCN 
gives CsH|N s (D). On hydrolysis D gives terephthalic acid. 

B on hydrolysis followed by diazotisation yields C«H 4 0 B N a C] (E) which 
on treatment with CuCl gives CsH 4 O a NCl (F). On reduction F gives chloro- 
aniline (G). Identify the compounds A to G. 

3. An organic compound A with mol. wt.«251 contains 63'7% oT 
bromine. On diazotisation followed by reduction it gives a solid substance b 
containing 67*6% of bromine. B can give only one mono-nitro derivative. 

Another compound C is an isomer of A. It gives on diazotisation 
followed by treatment with CuBr a compound D containing 76*4% of bromine. 
D can give only one mono-nitro derivative. 

Give the names and formulae of the compounds A and C 

4. A neutral compound (A) with molecular formula Ci 9 HiiO,N on 
reduction gives an amine ( B) of the molecular formula CjpHuN. B on 
diazotisation followed by reduction with Na s 5nOi yields a hydrocarbon 
CioH|«(C). On oxidation C gives a dibasic acid D. Both C and D can give 
only one mononitro derivative. Find the structural formula of A. 
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ANSWERS 


SNH, (NH t ),S 

Uno, 


NO, Sn+HCl 


o-ni troaniline (C) 
HNO, | ctCuCl 


o-Dinitro- 
benzene (A) 


o-Phcnylene 
diamine (B) 


CHjOH 


o-chloro- 
mtro benzene 
CD) 


NHCOCHj 


n-chioro- 
benzene- 
diazonium 
chloride (E) 
NHi 


2-chloro- 

methovybenzene 

(F) 


COOH 


Sn + HCl 


HNO.& 


'O' NO. 

j p-mtro- 

i acetanilide 

(A) 

C.H.NHCOCH9 
A cctantlide 
HNOij 

NHCOCHi N a C 


iNOji H,0& 


o-mtro- 
benzenc 
diazonium 
chloride (E) 
Br 


NHi 

1, 4 benzene- 
diamine 
(C) 


CN 

p-Dicvano- 

benzene 

(D) 


COOH 

Tere- 

phthalic 

acid 


o*mtro- 

acetanilide 

(ii) 


iNO s CuCl 


o-chloro- 

nitrobenzene 

(F) 


n-chloro- 

aniline 

(G) 


3. A ii 


( 2 : 5-Dibiomoaniline) 

C*H 4 C|H« 

^ h 


(3 : 5'DibromoanilineJ 
C.H. 

NaNOi/HCl 
followed by |) 


Na.SnO, 


CtH, 

2 , 5-Die thy 1- 
nitrobenzenc 
(A) 


C,H, 

2, 5-Diethyl* 
aniline 
(B) 

COOH 


C,H* 

p-Dieth - 
benezene 

(C) 



Oivea only one*"—— 
mono-nitro 
derivative 


Terepbthaltc acid 
(D> 
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Phenols and Aromatic Alcohols 


1. Introductory.—There are two types of aromatic hydroxy 
compounds ; 

(») Those containing hydroxyl group directly attached to the 
nucleus are called pJtenals. These are further classified as monohy- 
dric, dihydric or trihydric phenols according as they contain one, two 
or three hydroxyl groups. 


OH 



or Bauzenol 


OH 

CM, 

2-Mcthylphenol 
or 2-Methylbcnzcnol 



OH 




JCH, 

3-Mcthylphenol 
or 3-Methylbenzenol 4-MethpIpheaol 
or 4-MethyIbenzcnol 


CH a 


Monohtdrio Phenol* 



OH 
JOH 

1, ?-BeiTzrncdiol 


OH 

oh 


OH 


l^JOH 

I, 2, 3-Benzenetriol 



JOH 
A, 3-benzrncdiol 

Dihydrio Phenols 
OH 

.OH 



OH 



OH 
l, 4-Ilcnzenediol 


OH 


HOl 


OH 

1, 2, 4-Benzene triol 

Trihydrio Phenols 



OH 


t t 3, 5-Benzenctriol 


(ti) Those containing the hydroxyl group in the side-chain are 
cermed aromatic alcohols . These may be regarded as aryl derivatives 
©1 the aliphatic alcohols. For example, 


CH.OH 



Banzyl alcohol mr 
Phanyl methanol 


CH,.GH B OH 



2 Phenylethanol 
or Benzylmethanol 


Aeomatio Alcohol* 
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2 General Methods of Preparation of Monohydric 
Phenols. 

(*) From coal-tar x A number of monohydric phenol.? occur m 
coal-tar and are extracted from it For example, Middle oil fraction 
oi coal-tar contains phenols, meih/lpheiiols and dimcthylpheiiols 
whereas Heavy oil contains incthylphenojs and higher phenols. 

(*i) By fusing s >dium areneiulphonate with sodium hydroxide. 

ArSOjNa I- NaOH-► ArOH + NajSO, 

Sod. arencsulpt looatc A phenol 

C,H b SOTWTlhOH —► q,H fi OH + NajSO, 

. b'tvfetttiiilpio na te Phenol 


(•ii) By stem distilling art aqueous so’u « "i of diatonium sulphalr 
or chloride. 


ArNjHSO, - 4 -HjO -► ArOH + N. + HtSO, 

Oiazomunnulnhjtc Phenol 

C t H, Nfjci 4- H jOH-► C*H i OH + N, -f-HCI 

(w) By distilling a phenolic acid mth soda-lime (Decarboxylation). 


G.Ht^^+NaOHlCrO)-* C.H.OH + Na,CO, 


OH 


Sodium salt of 
o-. m- or p-hydroxy * 
benroic acid 


(v) From arylmignesiutn halides (Grig oar d reagent). 

Ar.MgBr —^ Ar.O.MgBr — Z ArOH + Mg^^ 
Gngnard Addition acid A phenol \g r 

reagent product 


Mg 


/ 


C.H 6 o, 


\Br 


Phenylmag- 
neaium bromide 


HJOH 


Mg 


^/0[C|H ft HgO 
^Br acid 


Addition 

product 


.OH 

G.H 5 OH+Mg/ 
Phenol ^Br 


(t*) By heating a compound containing an activated halogen atom 
t pith aqueous caustic soda. For example, phenol is prepared by treating 
/p-chlorok>enzoic acid (in which chlorine atom is activated by the pre¬ 
sence of COOH group in p-posilion) with aqueous sodium hydroxide 
followed by decarboxylation with soda-lime. 


GI OH OH 



COOH COOH 


p cblorobenzoic p-Hydroxy- 

add benzoic acid 



PHENOLS AND AROMATIC ALCOHOLS 


2-59> 


3* General Properties of Monohydric Phenol*, 

Physical, Phenols are colourless crystalline solids or liquids 
although as usually encountered they are coloured red by oxidation 
products. They possess characteristic odours and are sparingly 
soluble in water but readily soluble in alcohol and ether. They are 
all toxic in nature and possess antiseptic properties. 

Compared to the boiling points oT hydrocarbons of roughly 
the same molecular mass, phenob boil at much higher tempera¬ 
tures. For example, boiling point of C*H 6 OH *'mol mass = 94) is 
453K compared to that of CeH 5 CH, (mol mass -^2) being 383*6 K. 

We can account for this contrast on the basis of strong hydro¬ 
gen bondb present in phenol ami their absence in hydrocarbon!. 




Association of phenols due to hydiogen bonding. 

Appreciable water solubilities of phenols are also due to forma¬ 
tion of strong hydrogen bonds between phenol and water molecule*. 




Hydrogen bonding between phenol - f \nd water molecules. 

Chemical Benzenol or phenol is a typical meml er of mono¬ 
hydric phenols. Chemical properties of phenol arc rhe general pro¬ 
perties of phenols. 

INDIVIDUAL MEMBERS 

4. Phenol (Carbolic acid, Benzenol), C^HjOH. 

Preparation. Different methods for the preparation of phenol 
are the general methods for the preparation of phenols described above. 
Any of these methods r-an be used for the preparation of phenol. 

Manufacture. Phenol is prepaicd on a commercial scale : 


(«) By fusing sodium benzcnesulphvnate, with caustic soda. This 
is the oldest synthetic method for the manufacture ol phenol. 

NaOH HC1 

C t H ft SO,Na-- CgHgONa-► C a H b OH 


(b) By heating chlorobenzene under pressure with 19 per cent 
solution of sodium carbonate or sodium hydroxide at about 57OK in 
presence of copper salts (catalyst), 

_ 570K 

(I) C s H6|C1 + JNa|OH-► CJliOH+NaCl 

200 atm. Phenol 


TOC—1’84-2 38 
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(u) C # H b C 14 C 0 H 6 OH+NaOH-► <C a H«)*0+^0+1^0 

Diphenyl ether 

Diphenyl ether (about 10%) is, therefore, added to the reaction mix¬ 
ture to prevent the reaction (»*) above. 

(c) One of the latest methods for the svntheltc preparation of 
phenol on an industrial scale is by heating chlorobenzene (obtained by 
Ra»chig method, page 2 518) wt/fc eteam at 700K m the presence of a 
catalyst 

tuCi, 

2C a H # 4 2HC1 + O a -* 2C a H 6 Gl + 2H 2 0 

C a H ft Cl +H 2 0-► C*H 6 OH i HCl 

Chlorobenzene Phenol 


The hydrochloric aud produced in the second nar tion is usrd 
m tht first 


(i d ) Another new method fur the synthetic preparati >n of phenol 
is to pass a mixture ol benzene and air over \ anadiux z pen'oxidf at 
580K when benzene is directly oxidised to phenol 

2G a H a 4 O f -v 2C 0 H b OH 


(e) By ojwlahon of cumene followed by treatment atth and This 
is also unr of ihe latest methods used for the manufacture of phenol 



+ch 3 .ch- c:h b 

Propylene 


CII(CIi a ) a 

mcj, 


Koptop> Iben/cne 
or cumene 


O, 

OH , 400K 


G - O OH 

aud 


Cumene 
hydroperoxide 

(/) Ftorn coal-tar The middle oil fraction oi coal tar (140 
bO^K) is allowed to stand when naphthalene ^rvsiallizes out 1 his is 
separated in the centrifuge The oily layer is washed with dilute iul 
pnurir acid to remove basic impurities like pyridine and then tieatcd 
wi*h excess of ten per cent sodium hydroxide when phenol passrs into 
volution as sodium phenoxide. 




4 CH a COCH, 
Acetone 


Phenol 


The aqueous layer is separated from the oily impurities and 
acidified with sulphuric acid or carbon dioxide is passed through, 
thereby decomposing the sodium phenoxide into free phenol Phenol 
liberated as an oily liquid is washed with water and subjetted to 
fractional distillation The traction distilling between 453 and 456K 
is pure phenol. On cooling phenol gives colourless crystals which are 
separated from any metbylphenola present (still liquid). 
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Properties : Physical. It is a colourless, crystalline substance 
(m.p. 316K t b.p. 455K) moderately soluble in water, more in alcohol 
and ether. The needle-shaped crystals are hygroscopic, corrosive and 
poisonous. These turn pink on exposure to air and light. 

Phenol is soluble in water to the extent of 29 g per 100 g 
of water at 298K. The two are, however, miscible at 338K. Water is 
soluble in phenol to the extent of 29 g per 100 g of phenol. 
Melting point of phenol (316K) is lowered by the presence of a small 
amount of water. Phenol containing 5% water is liquid at room 
temperature and is termed carbolic acid. 

Chemical. Phenol contains one enolic alcoholic group,>COH 
and thus resembles aliphatic alcohols in many respects. The presence 
of benzene nucleus accounts for its properties different from those of 
alcohols. 

A. Reactions similar to those of Alcohols. 

(i) With metallic sodium. Phenol reacts with metallic 
sodium to give sodium phenoxide (c/., sodium alkoxide). 

2C,H 5 OH + 2Na-> 2C,H s ONa + H a 

Phenol Sod. phenoxide 

(cf , 2C,H s OH + 2Na-► 2G 1 H a ONa + H.) 

Sod. ethoxide 

(si) Alkylation. Phenolic ethers are obtained by treating alkali 
phenoxide with alkyl halide or passing phenol vapours alone or 
mixed with somr alcohol vapours over heated thoria. 

C,H,OfK 4 TIC,H,-» C.H.OC.H, + K l 

Pot phenoxide Ethoxybenzene 

(cf.. C s H B ONTTj!C 2 H fi -* C,H B OC,H B + Nal) 

Sod. ethoxide Ether 

Healed 

C 8 H 6 OIH 4- TiO|CH B -► G f H 5 OGH i + H f O 

thoria Methoxybenzene 
. Cone. H b SO« 

{cf., C,H s O H 4 HOjC.H,- * C,H 5 OC s H, + H.O) 

at 41 OK or Diethyl ethei 
heated Al a O a 

(wi) Acetylation. With acetyl chloride or acetic anhydride H 
, tom of the —OH group in phenol is replaced by —COCH 8 group. 

C.HjOIH 4-~Cl COCH, -► G.H.O.COCH, + HC1 

-Phenyl acetate 

(cf.. C»H,0|HT _ Cl|C0CH a — -► C,H,O.COCH, + HC1) 

' Propyl scetate 

The enter on treatment with anhydrous AlCl a undergoes Fries 
rearrangement to five o- or p-hydroxy ketone or a mixture of both. 
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o- and p-hydroxyacetophenone 


At temperatures below 330K the p-isomer is obtained in larger 
field whereas at temperatures above 430K, the o-isomer is obtained 
in larger yield. 

(iv) With phosphorus halides. The hydroxyl group of phenols, 
unlike that of alcohols, is difficult to replace by halogen. For 
example, halogen adds have no action and phosphorus trihalides 
yield only phosphorous esters. Phenol reacts with phosphorus penta- 
halides (pentachloride or pentabromide) when the —OH group is 
replaced by a halogen atom. The yield of chloro- or bromobenzene 
il small and the main product is triphenyl phosphate (CjHaOJjPG 
G 6 H i OH + PCI*-* C,H*C1 + POCl 8 + HC1 

Phenol Chlorobenzene 

(e/., CH.OH + PCI,-► CH a Cl + POCl a + HC1) 

(v) With Ammonia. Phenol, when heated with ammonia in 
presence of anhydrous zinc or calcium chloride, gives aniline. 

ZnCl, 

C.H 1 / QH 4- H |NH a -► GjHiNH, + H g O 

Phenol Ammonia Aniline 

Heated 

(c/„ C^HjOHj- H|NH,-v C,H S NH, + H.O) 

thoria Ethylaminc 

Aniline is also obtained by heating phenol with ammonia under 
pressure. 

(vi) Oxidation, Phenol turns pink on exposure to air and 
light due to slow oxidation. Complex mixtures of products arc 
formed on oxidation by air or other oxidising agents. One of the 
oxidation products in air is quinone which forms a brilliant red 
addition product with phenol known as phenoquinonc, in which two 
phenol molecules are joined to one molecule of quinone through 
hydrogen bonds. 


OH II 



O 


C f H 4 0|+2C e H 5 OH-► 

Quinone 



PbenoqninoM 
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On oxidising phenol or its homologue with potassium per¬ 
manganate the ring breaks. If, however, the phenolic group is pro¬ 
tected by alkylation or acylation, homologues of phenol are oxiatsed 
to phenolic acids. For example. 



OH 

4-Methylbenzenol 
or 4-Mrthyl phenol 


O.SO.CsHb 
Benzenesulphonate 
of 4-Methylphenol 


CH, GOOH GOOH 

o—o—o 


O.SO^GgHg OH 

Phenolic 

acid 


Monohydric phenols on oxidation with potassium persulphate 
in alkaline solution yield dihydric phenols. The newly-entering —OH 
group enters p-position to the hydroxyl group. In case p-position 
is not free, the new group enters o-position to the hydroxyl group. 


OH OH 



4-Methylphcnol 4-Methyl- 

I, 2-Bsnzeneiliol 

This is known as Elbs persulphate oxidation. 

B. Reactions different from those of alcohols. 

(t) Acidic nature. The —OH group behaves weakly acidic. 
'With alkalis it gives phenoxidcs. Since phenol is a weaker acid 
it does not decompose carbonates. 

C a H,OH+HONa-► C 0 H 5 ONa + H a O 

Phenol Sod. pbenoxide 

One possible explanation why phenols are stronger acids than 
the alcohols is that the phenols exist as a resonance hybrid. 



(i) The oxygen atom gets a positive charge due to resonance 
and attracts the electron pair of the O—H. bond and thus facilitates 
the release of a proton. Carbon atom of the >COH group Jn 
phenol being &p* hybridised is more electron-attracting than the 
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sp 1 carbon atom in alcohols. Thus in phenols there is greater —I 
effect which facilitates proton release. However, this effect is minor 
in comparison to the resonance effect given above. 

(n) The negative phenoxide ion formed after the release of a 
proton is at the same time stabilised by resonance. 



Since no resonance is possible in alcohols, the hydrogen atom 
Is more firmly linked to the oxygen. 

Effect of substituents on acidity. The effect of ring substi¬ 
tuent G depends on the following ; 

(i) Nature of G whether it is electron*attracting ot election- 
releasing. Electron-attracting substituents tend to disperse the 
negative charge of the phenoxide ion, thus stabilize the ion and 
increase acidity. Electron-releasing substituents tend to intensify the 
charge and thus destabilize the ion and decrease acidity. 

(it) Its ability to enter into resonance with the hydroxyl group. 
Electron-releasing groups like CHj having strong -4-R effect oppose 
the release of the lone pair from oxygen (of OH group in the un¬ 
ionised phenol or O" in the phenoxide ion) into the ring, resulting 
in diminished resonance, and reduced stability of methylphcnoxidc 
ion in comparison to that of phenoxide ion. HenLC methylphenol 
is a weaker acid than phenol. Thus in general , electronseleasing 
groups reduce the acidity of phenol by diminishing resonance. 

Electron-withdrawing groups like nitro, having effect, 

help the release of the lone pair from oxygen. This results in 
increased resonance in the contributing structures and greater 
stability of the phenoxide ion. Nitrophenol is, therefore, stronger 
acid than phenol. In general , electron-withdrawing groups increase 
the acidity foj increasing resonance. 

(«) Its position. Since nitro group can enter into resonance 
with the hydroxyl group only from o- and ^-positions, o- andp-nitro- 
phenoxides are resonance stabilised, not the m-nitrophenoxidr. 
Hence o- and p-nitrophenols are stronger acids than phenol. Picric 
acid (2, 4, 6-trinitrophcnol) is a very strong acid (pJ?„—0 71) due 
to the cumulative effect of three nitro groups in o- and p- positions, 

There may be added complications due to steric effect and 
hydrogen bonding (when possible). 

Acidity of various substituted phenols are given on the next 
page in terms of their p K a values. Higher the pKa value ot a 
substituted phenol, lower its acidity, The p Ka value for unsubstitut- 
cd phenol—9*98 
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Substituent 



0- 

m- 

P- 

CH, 

10 28 

10-08 

10*14 

NOjj 

723 

840 

715 

Cl 

848 

9-02 

9-38 

MeO 

998 

9-65 

10-21 

NH a 

9 71 

987 

10-30 


Relative strengths of various isomers can be explained in the 
light of above discussion. For example, n- and p-nitrophenols are 
stronger than m-nitrophenol which is stronger than phenol. This 
is because N0 2 in o- and p-positions exerts both — R and —I effect 
whereas in m-position it has only — I effect. 


NH 2 and MeO groups when present in p-position exert 
-4-R effect as well as—I effect. But +R effect being stronger 
than —I effett, their presence in p -position decreases the acidity 
of phenol. But the m-uerivatives are slightly strongci than phenol 
due to — J effect alone (sinre it exeits no resonance effect in this 
position). 

All halogenophenols are stronger acid; than phenol. It 
shows that in their case — I effect is stronger than +Reffect. 

Effect of a certain group in opposition may be opposite to its 
effect in p-posifion due lo hydrogcu bonding (when possible) which 
stabilises the unionised form. The difference may also be due to 
steric effect. For example, in the following compounds 



decrease in acid strength from I to II is due to +1 effect of two 
o-methyl groups in II. A large decrease in acid strength from 
I to III is due to steric inhibition of resonance of NO a group with 
OH by two 0 -mcthyl groups. 

(tt) Reduction with Zinc dost. Phenol when heated with 
due dust gives benzene (c/., aliphatic alcohols which are reduced to 
hydrocarbons with hydriodie acid). 

C2*H s OH+Zn-► C f He+ZnO 
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Reduction may also be carried out with hydrogen at atmos¬ 
pheric pressure in presence of molybdenum oxide (catalyM). 

CpHiOH + H*-► CeH.+H.O 

(in) Nitration. Presence of — OH group in the nucleus facili¬ 
tates the substitution reactions (nitration, sulphonation and halogena- 
tion) and ortho- and para-derivatives are obtained in each case. For 
example, phenol is nitrated even with dilute nitric acid. 



It is believed that at first nitrosophenol is obtained. This is 
followed by oxidation of nitroso group by nitric acid. 


OH OH OH OH OH 



Phenol o & /7-oitrosophenols o- & p-nitrophenols 


If urea is added to destroy nitrous acid present in nitric acid or 
formed by its reduction, no nitration takes place. 

The two isorners can be separated by steam-distillation, sinee 
the ortho isomer is much more volatile. 


Nitration of phenol with concentrated nitnc acid gives 2, 4, 6- 
trinitrophenol (picric acid) but the amount of oxidation is excessive. 
Picric acid is, therefore, prepared by an indirect method (see under 
picric acid). 

(iv) Sulphonation. As stated above sulphonation takes plate 
readily. At room temperature concentrat'd sulphuric acid yields 
chiefly the ortho isomers, whereas at 370K it gives mainly the paia 
isomer. 

Oil OH OH 

O Conc. H,S0 4 Cone. H,SO, 

* 370K l^^jj 300K. 

SO g H o-Hydroxybenzene 

p-Hydroxybenzene- Phenol sulphoolc acid 

suljftionic acid 

(it) Halogenation. Controlled halogenation of phenol in pre¬ 
sence of anhydrous solvents at low temperatures gives monohalogen 
derivatives (mainly para derivative). 
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OH OH OH 



Br 

Phenol 0 -Bromophenol p-Bromnnhenol 

(BO-84%) 


Addition of bromine water to an aqueous solution of phenol 
containing some sodium bisulphite yields 2, 4, 6-tribromophenoL 
OH OH 

Br 2 water 

'' +NaHSC a 




2, 4, 6-Tribromophcnol 

Different products arr obtainej with Br, in CS, and Br a waler. The 
reason for this difference is bdieved to be the nature of subtsLrate in the two 
cases. In Br, water the substrate is phenoxide ion (produced by ionisation in 
water) which activates the ring moie than phenol. The ionisation to give 
O.H^O “ is not possible in phenol. 


(w) Coloured complexes with Ferric chloride. Enols 
[compounds containing the grouping —C(OH) = C<] in general give 
coloured water-soluble complexes with ferric chloride. The complexes 
are probably coordination compounds in which iron is hcxacovalent. 
Different colours are obtained with different phenols as given below : 


Phenol violet ; 1,3, 5-Benzcnetriol dark violet ; 

1, 2, 3-Benzrnctriol red ; 1, 3-Bcnzenediol violet ; 

1, 4 Benzcnedio] transient blur ; 1, 2- Benzenediol green. 


(vii) Coupling. Phenol couples in the p-position with diazo* 
nium salts in alkaline solution to form hydroxyazo compounds, (see 
page 2 581). 

(uiii) Liebermann’s Nitroso Reaction. On warming with 
concentrated sulphuric acid and sodium nitrite, phenol gives a brown 
or red colour which soon changes to blue-green. The colour changes 
red when diluted largely and deep blue when treated with sodium 
hydroxide. Various reactions taking place are : 

Phenol reacts with nitrous acid to give p-nitrosophenol which is 
tautomeric monoxime of quinoue. 



NOH 


In the presence of cone. H B S0 4 the monoxime condenses with 
phenol to give blue-green solution of indophenol monosulphate which 
on dilution gives indophenol [red). With excess of sodium hydroxide 
we get sodium salt of indophenol (deep blue). 
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In do phenol monosulphate (Blue-green) 



lndophenol (Red) 


+NaOH 
—H.O 



Sodium salt (Deep blue) 


(ia?) Kolbe’s Reaction. At present a modification of Kolbe’s 
reaction known as Kolbe-Schmitt method is used. Sodium phen- 
oxide when heated (390-41 OK) under pressure with carbon dioxide, 
gives salicylic acid. 


ONa 



Sod. phenoxide 


390-410K 


OH 

O COONa HCI 

Sod. salicylate 



The mechanism of the reaction is uncertain ; a possibility is : 



A small amount of the p-isomer is also obtained hut p-isomer 
is the main product if the temperature rises above 430K, or when 
potassium phenoxide is used instead of sodium salt. 

(a;) Hydrogenation. Phenol on hydrogenation at 430K in 
the presence of a nickel catalyst gives cyclohexanol. 

Ni 

CeH 8 OH+3H 2 -► C s H xl OH (es,) 

Phenol Cyclohexanol 

(a?t) Friedel-Graft* Reaction. Phenol undergoes the Friedel- 
Crafts reaction to form mainly the p-dcrivative with a small quantity 
of die e-isomer* 
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OH 

(^j) + CH . C1 

Phenol 


OH OH 



CH a o-methylphenol 
p.mcthyiphenol (small quantity ) 


(an’i) Reimer-Tiemanxi Reaction. When refluxed with chloro¬ 
form and alkali, phenol yields o- and p-hydroxybenzaldchyde, the 
former predominating. 


OH O- O' 



SaUcy laldchyde 
{chief product) 


Rcimer-Tiemann reaction involves electrophilic substitution on 
the highly reactive phenoxide ring. The electrophile, is dwhloro* 
methylene , (Vl tf generated from chloroform by the action of base , 
Although electrically neutral, dichloronicthylcnp contains a carbon 
atom with only a sextet of electrons and hence is strongly electro* 
philic. 


^O/T + CHCI} ^ H z O+:CCl 3 —► 






Similarly, with carbon tetrachloride and alkali o- and p-hydroxy- 
benzoic acid is obtained. 


C.H, 


/ 


OH 


\ilT 


Phenol 


+ C1|CC1, 
Carbon 
tetrachloride 


KOH ^OH 

— ClH <ca. 
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JKOH 
—3KC1 


C.H, 


/OH 

N C(OH), 


—H,0 


c,h/ 

^COOH 


OH 


tb A p- hydroxy- 
bcnzolc acid 


Condensation Reactions. Phenol condenses with 
aliphatic and aromatic aldehydes in the 0 - and ^-positions. For 
example, with formaldehyde in presence of dilute acid or alkali 
and a catalyst it yields bakelite (a rtsin). 


OH OH OH 




+ H 



r 



PRu~-0HAT£C FORMALDEHYDE 





■ MASS CATALYSIS 



PHENOLS AND AROMATIC ALCOHOLS 


260 ^ 


In the first stage phenol reacts with formaldehyde to form o- or 
P' hydroxmethylphenol which reacts with another molecule of phenol 
with the loss of water to form a compound in which two rings are 
joined through a — 1 CH 8 — link. The process continues to form a three- 
dimensional polymer of high molecular weight. 

The first stage is known as the Lederer-Manasse reaction. 
It can be viewed as electrophilic substitution on the nng by the elec¬ 
tron-deficient carbon of formaldehyde. It can alio be viewed as 
nucleophilic addition of the aromatic ring to the carbonyl group. 

Base catalyses the reaction by converting phenol into more 
reactive (more nucleophilic) phenoxide ion, Acid catalyses the reac¬ 
tion by protonating formaldehyde and increasing the electron defici 
ency of the carbonyl carbon. 


When heated with phthalic anhydride in presence of concentrat¬ 
ed sulphuric acid, it yields phenolphthalein (gives pink colour with 
akalis). 



Phthalic anhydride [Two molecules) 



li 

O 


Phenolphthalein 


Uses. Phenol is used : 

(») In the manufacture of drugs like salol, aspirin, salicylic acid 
and phenacctin. 

(tf) As an antiseptic—carbolic lotion and carbolic soap. 

fHi) For the manufacture of bakclite (a resin), picric acid (an 
explosive), phenolphthalein (an indicator) and othei dyestuflV 

(iu) As a preservative for ink. 

(v) For the manufacture of cyclohexanol used as solvent for 
rubber and lacquers. 

Tests, (i) Smell Phenol has a characteristic smell. 

(ss) Ferric chloride test. With a drop of ferric chloride (neutral 
solution), phenol gives a violet coloration. 


(in) With bromine water , an aqueous solution of pherol gives 
white precipitate of tribromophenol. 

(is) Phenolphthalein test. On heating phenol with phthalic 
anhydride and a few drops of concentrated sulphurie acid, phenol¬ 
phthalein is obtained. This gives a pink colour with an alkali. 

(s) It gives Liebermann’i nitroso reaction. 
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SUBSTITUTED PHENOLS 

5- Nitrophenol*. —o- and p-Nitrophenols arc prepared— 

(») By direct nitration of phenol with dilute nitric add. The 
two are separated by steam-distillation when the o-isotner distill 
over leaving the p-isomer behind. 

(♦») By treating o- and p-chloronitrobenzene with aqueous 
sodium hydroxide 




!C1 


Na OH 


C - H *\no, 

q - and /?-chloro- 
nitrobenzene 


C.H t 


/ 


OH 


+ NaCl 


X NO, 

<b and p-nitro- 
phcnol 

(m) By hrating nitrobenzene with solid potassium hydroxide 


C.H s T\O t 

Nitrobenzene 


Solid 

KOH 


G»H 


/ 

‘\i 


OH 


Heat x NO, 

m rutrophenol is prepared (torn m-dinitrobenzene. 
NO, NH, N,G1 


OH 



NO, 



NO, 


NIl 4 HS 

m-DmiUv>- m-Nitro- m-Nitrobenzene- m-Nitro- 

benzenc aniline , diazomum chloride phenol 

Propertiea r>Nitro phenol is a yellow ^olid fm.p. 3l8K) while 
the to- and p-isomrrs arc colnuiless solids (m.p. 370K and 387K res¬ 
pect vely) These are all sparingly solublr in water. The o-isomer 
is volatile in steam. They are ^rongn adds than phenol The o- and 
p isomer* are stronger acids than the m-isomer On redaction thrv 
give the corresponding amino-phejiols On treat meat vrith bromine 
water ratio group in the o- and p-derivativrs is displaced and 
2, 4, 0-tnbromophenol is produced. 

The salts of free nitroplicnols are highly coloured (yellow to red) 
Fiorn a companion of the physical properties of isomeric nitro- 
phenols m the f iliowmg table v r notice that o-nitrophenol has a 
much lower boiling point and much lower solubility in water than 
as isomers. It is volatile in 'steam unlike its meta and para isomeis. 

Table 42 2— Physical Properties of NitropheaaU 


i 


hosier 

BPlRj 
■(70 mm 

Solubility 
g/IOO 8 HfO 

Volatility 

in steam 

ortho 

- 

373 

; 

0*2 

Volatile 

meta 

467 

1-35 

Non-volatile 

para 

decomposes 

1*69 

Non-volatile 
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These differences are accounted for on the basis cf differences 
in the mature of hydrogen bonding. 

The m- and p-isomcrs have very high boiling points because ®f 
intcrmolccular hydrogen bonding while their solubility in water is 
due to hydrogen bonding with water molecules : 

In o-isomer the —NO, and —OH groups being closer result 
in the formation of a hydrogen bond within a single molecule , This 



Intermolecular Hvdrogen bonding 

hydrogen bonding with water molecules 


intramolecular hydrogen bonding takes the place of intcrmolecular 
hydrogen bonding with other phenol molecules and with water 
molecules. 



0-NitrophenoI 


Intramolecular 
hydrtgen bonding 
chelation 


o-Nitrophenol, therefore, neither has the low volatility ol an 
associated liquid, nor has the solubility characteristic of a com¬ 
pound that forms hydrogen bonds with water. 


6. Picric acid (2, 4, G-trinitropfaenol), C 8 H a (OH)(NO,),.— 

Picric acid is obtained when phenol ii nitrated with concentrated 
nitric acid. The yield is, however, poor, due to losses by oxidation. 
It is prepared on an industrial scale : 


(i) By first sulphunating phenol and then nitrating the product 
since the sulphonic acid derivative is not easily oxidised. 


C.H.OH 

Phenol 


,OH 
► C„H/ 

\SOjH 
o- & p- hydroxy- 
bcnzrnesulphonic acid 


HNO, /OH 

-* C,H a (N0 8 ) / 

x SO,H 

hno 3 

-*C 6 H,(N0 2 )>0H 

2, 4, 6-Ti initrophcool 
(Picric acid) 


(ii) From chlorobenacn* as given below : 
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Cl a OH 



ChJoro- 2,4-Dimtro- 2,4-Dinitro- 

bcnzene chlorobenzene phenol 


HNOj 

h,$o 4 


OH 



2. 4, 6-Tri- 
mirophenol 
(p»i ric ucid) 


It may be prepared %n the laboratory by oxidising #-trinitroben¬ 
zene with potassium ferricyanide : 



K s rre<CN),J 
t [O]-- 


OH 



Properties Picric acid is a yellow crystalline solid (m.p 395K) 
having a bitter taste whence it derives its name (Greek : pikros 
bitter). The yellow colour is probably due to presence of quino- 
noid structure. It is somewhat insoluble in cold water but dissolves 
in hot water and in ether. 


(t) Due to the presence of three negative —NO a groups it is 
stronger acid than phenol and decomposes carbonates. 

(it) Dry picric acid and its potassium or ammonium salt rxplodes 
violently when struck. 


(tit) With bleaching powder picric acid gives chloropicrin as one 
o the products. 


(in) With aromatic hydrocarbons, amines and phenols, picnc 
acid forms crystalline compounds called picrates 


(r) With PCI* it forms picryt chloride in which the chlonnr 
atom is very reactive on account of three nitro groups present in oitho 
and para positions. On boiling with water picryl chloride gives 
picric acid while on shaking with concentrated ammonia it gives 
picramidea. 


OH Cl 

0 I Nf^>|NO I O.N 


NO, 

Picric acid 


Cl NH, 

0,N|^jjNO t 


NO, 
Picryl chloride 


NO t 

Picramldt 
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(pi) On reducing picriijviicid with sodium sulphide we get 
fierapuc void. 

OH OH 

O.Nj^NO, 

NO, NO, 

Picric acid Picvamic acid 

17ms. ' It is used (t) in the manufacture of explosives*; (si) as 
a dye for wool and silk ; (m) as an antiseptic in treatment of bums : 
and (it?) in the identification and isolation of aromatic hydrocarbons, 
amines and phenols. 

7. Aminophenols.—These are prepared by reducing corres* 
ponding nitrophcnols catalytically or with metal and acid. The 
tn4somer is prepared commercially by heating resorcinol with 
ammonia and ammonium chloride at 470K under pressure. 


OH OH 



1, 3-Benzeocdiol m-aminophenoJ 


Amino phenol is prepared by electrolytic reduction of nitro¬ 
benzene in strong acid solution. 

Properties and uses, o*, m- and p-Aminophcnols are colour¬ 
less solids (m.p. 41 OK, 396K and 459K respectively) which turn 
yellow or brown in air. 

o- and p-Aminophcnols are more weakly acidic than phenols and 
do not form phenoxidcs with alkalis but form salts with inorganic acids, 
o- and p- derivatives arc readily oxidised to the corresponding quinones. 

p-Aminophenol is used as a developer in photography. Two 
other important photographic developers arc : 

OH OH 



Amidol Mato) 


HOMOLOGUES OF PHENOL 

8. 4-Mathyipkenal or 4-MethyIbenxenol, GHgCA OH,- 
The methylphenoJs occur in the middle oil and heavy oil fractions » 
•f coal-tar. o-Isomer (b.p. 464K) is separated from the m- (b.p. 474K) 
and p-isomer (b.p. 498*5K) by fractional distillation using a good 
fractionating column. Kach isomer could be obtained in its pare 
state from the corresponding toluidine or toluenesulphonic acid. 

T*OJ *4-2 39 
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p-Tolusenesulphonic acid 4-Methylphcnol 

Properties. These are culourless substances having phenolic 
odour. Their properties have already been described under phenol. 

The methyl group in mnhylphi nols is not oxidised to a carboxyl 
group by Uironnc acid, nor is the ring attacked. In case —OH group 
protected by acetylation or alk>Jalion, the methyl group can Le 
oxidised. 

Uses, (i) Mixture of three inef hylphcnols vvilh a little phenol 
is called rresylic acid or creosote which finds use for preserving wood 
(Umbei, railway sleepers, etc.) 

(ii) A soapy solution of methylphenol.? is known as ly/tol— a dis¬ 
infectant . 

(iu) methylphcrols are used in the manufacture of resin*, plasti¬ 
cisers, dyes and explosives. 


OIHYDRIC PHENOLS 


9- 1, 2-Ben*enedioI fCommon name : Catechol). —It occurs 
in certain Diants It was first obraiticd by the distillation of Indian 
catechu (product from Acoriacatechu hee). 

Preparation, (t) Commercially it is prepared by heating 
'-t hlorophenol or o-dichlorobenzene with 20% NaOIi solution and 
trace of CuS0 4 at 46OK under pressure. 


a- 

o-CMoro phenol 


NaOH ^ 
460K 


OH 

OH 
1, 2-Benzcncdiol 



NaOH 

4cOK 


■Oe 

o-Dichloro- 

bcnzcnc 


(fi) It may be conveniently prepared in the laboratory by 
treating salicylaldehyde uith alkaline H 2 0 t . 


C scho r^?i OH 

+H 1 O l + NaOH-► -}HCOONa+H,0 

UOH 

or (fit) Bp fusing o-hydroxybenzenesulphonic acid with sodium 
ydroxide. 
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t^^SOpN* + NafOH 


Fuse 



+NatSO a 


Properties. It is a colourless solid (m.p. 378K) soluble in 
water, alcohol and ether. 

(1) With FeCl| it gives a green colour which changes red on 
adding Na a GO t . 

(2) It is readily oxidised and, therefore, acts as a reducing 
agent. For example, (t) its aqueous solution darkens on exposure 
to air due to oxidation, (ti) it reduces AgNO a solution in cold and 
Fehling’s solution on warming, and (m) with silver oxide it is oxidise 
ed to o-benzoquinone. 

(3) Its aqueous solution gives a white ppt. with lead acetate 
(distinction from m- and o- isomer). 

(4) 1, 2-Benzenediol condenses with a number of compounds, 
e.g. t it condenses with phthalic anhydride in the presence of sulphuric 
acid to form alizarin. 


O 

OH || OH 



anhydride 


Alizarin 

Two important derivatives of I, 2-benzenediol are guaiacol and 
airenalinc (the hormone secreted by the adrenal glands). 

OH 

O OCH, r^^OH 

OH 

Guaiacol GHOH.CH a .NH.CH, 

Adrenaline 

Uses. Catechol finds use : (t) As photographic developer t 


(it) In the manufacture of alizarin and adrenaline. 


(lit) As an antioxidant in gasoline. 


10. I, 3-Benxeaediol (Common name : Rccorcinol ), 

Preparation. 1, 3-Bcnzenediol is prepared by alkaline, /union 
o; i, 3■ btnzenedisutphonic acid (Industrial method ). 

SO*H ONa OH 



It is also obtained when p-disulphonic acid and many other 
o. and p-di-derivatives of benzene are treated in the same way, but 
how such remarkable change occurs, it is difficult to say. 
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ProMttltf, It ia« colourless crystalline solid (m~p., S83K.) 
veryaolaMc in watef, alcohol and ether. 

(») In aqueous solution it gives a violet coloration with ferric 
cfefatride. 

(it) With bromine water it gives a precipitate of 2,4, 6-tri- 
bromo-1,3-benzenediol. ' 

OH OH 



Iks water 


Brr^ 


OH 


1, 3-bcnzenf diol 



H 


Br 

2i 4, 6-tribromo*l, 3-benze ncd*>l 
(hi) It is not & powerful reducing Agent like the o- and j»4p0mers 
but it reduces ammonia cal silver nitrate and Fehling’s solution on 
warming. 

(tv) It couples with diazonium salts to form azo-dyes. With 
phthalic anhydride it condenses to form fluorescein. 

OH OH 


O 

OC /N C- 

0 

Phthalic 

anhydride 



OC 



+ 2H.O 


Fluorescein 


(*) With nitrous acid it gives 2, 4-dinitroso-l, 3-benzened.ol 

a-■==<€-6c 

NOH 

(w) On nitration it formsstyphnic acid (2, 4, 6-trinitro-l, 3 ben, 


xcnediol, 


OH 



1 ( 3-benaaordiol 


HNO.+ 

*»•«>/ 


OH 

NO, 

Styphnic acid 
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(w) 1, 3-Bonzencdiol behave* u a tautomeric compound. Thbit 
tfaown bythe fast that kforau a dkerime arid a bisulphite compound. 

O 


OH 

o 


Oieool form 



Uses. 1, 3-Benzenediol finds use : (i) For making dyes ; and 
(») As an antiseptic. 

11. 1, 4-Benzenediol (Common name : Quinol ). 
Preparation. It is prepared by reducing p-benzoqninone with 
sulphurous acid. 

O 

n oh 



+H g S0,+H,0 — 


r n ♦ h * so * («••) 

OH 


o 


Properties. It is a colourless, crystalline solid (m.p. 443K) 
very soluble in water, alcohol and ether, but insoluble in benzene. 
It gives a transient blue colour with FeCl 3 in water. It is a power¬ 
ful reducing agent and finds use as a photographic developer. If 
is oxidised by ferric chloride to p*bcnzoquinone. 



1, 4-Benzcnrdiol p-Benzoqulnone 

Uses, (♦) As a photographic developer ; and 
(is) As an antiseptic. 

TRIHYDRIC PHENOLS 


12. 1, 2, 3-Benzenetriol (i Common name : TyrogalM ). 

Preparation. 7, 2, 3-Benzenetriol is prepared by heating solid 
gallic acid in a current of CO B or by heating an aqueous solution of 
gallic acid at 4B0K under pressure. ' 

OH OH 


HOOC 


^^OH 

Gallic acid 
{solid) 


In a current 
of GOf 


O OH 

+ CO, 
OH 

1, 2, 3-Bcnzenctrlol 


Fwfle rt tei. It is a colourless, crystalline solid (m.p. 485K) 
very soluble is wyter, alcohol and etfaey. An aqueous solution of 
1, 2, S-beittenetriol give#', red with Fed,. Ah alkalins 
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solution of 1, 2, 3-benzenetriol rapidly oxidises on exposure to air 
and turns brown. It reduces the salts of silver, gold, platinum and 
mercury to their metals. 

Uaea. 1, 2, 3-Benzenetriol is used : 

(s') As photographic developer ; 

(is) As hair dye ; 

(In) In antiseptic ointments ; and 

(le) In gas analysis for the absorption of oxygen and CO,. 
During absorption 1, 2, 3-benzenetriol is oxidised to CO, CO„ 
CHjCOOH, oxalic acid, etc. 

13. I, 2, 4-Benzenetiiol (Common name : Hydroxyquinol). 

Preparation. It is prepared by the alkaline fusion ef 1,4* 
benzenedio] in air : 


OH 


OH 



+ iO, 


NaOH 


Tuse 



OH 


)H OH 

1,4-benzcnediol 1. 2, 4-benzcnetnol 

Properties. It is a colourless, crystalline solid (m.p 413K). It 
is very soluble in water and the aqueous solution gives greenish- 
brown colour with Fed, 

14. 1,3, 5-Benzenetriol (Common name: Phloroglut inol). 


Preparation. It is obtained : 

(I) When certain plant resins are fused with alkalis, 
(it) By fusing 1, 3-benzenediol with NaOH in ah. 


OH 



+ iO, 


JOH 
1, 3-Benzenediol 


OH 

NaOH (^i\ 

FosT Hol^JJoH 
1,3, 5-Benzeoetriol 


(Hi) In the laboratory it can be conveniently prepared by reduc¬ 
ing trinitrobmzoic acid and heating the amino-derivative obtained 
with hydrochloric acid.* 


COOH 


COOH 



\J 


f-Trinitro- 
benzoic acid 


p-Triamino- 
benzoic acid 


OH 

l, 3, 5-Bcnzenetriul 
+CO a +SNHgCl 


Properties and Uses. It is a colourless solid (m.p. 49IK} 
fairly soluble in water. Its aqueous solution tastes sweet and gives a 


* Decarboxylation and replacement of amino, groups by hydroxyl groups on 
boiling s-Triaminobenzoic add with hydrochloric add is not a general reaction. 
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bluish violet colour with FeCl*, Its alkaline solution darkens or 
standing in air due to oxidation, It is a tautomeric compound and 
exists in two forms. 


C) 

OH II 



Tf knot form Triketo form 


Thus its trienoJ form gives a triacetate when warmed with acetic 
anhydride. It gives a tripotassium derivative and tricthcrs. 

The triketo form gives a trioxime when treated with hydroxyl, 
amine. 

Existence of a tautomeric system was formerly supported by the 
statement that 1, 3, 5-Benzenetriol could be synthesised from acetone 
and malonyl chloride. 


y CO<-1 _W|CH av CaCO B 

H,<X >CO-► 

X CO in il Gll/ Heat 

Ma T onvI chloride Acetone 

HO 


GO-CH, 

H t C( >CO^ (/ \OH 

CO-GH/ \ — / 

HO 


According to Elvidgt "(1932), however, no 1, 3, 5-Benzonetiiol is 
obtained from ma!on>l chloride ami acetone. 


It gives red colour with carbohydrates in presence of sulphuric 
acid and is used in the detection of carbohydrates, 


15. Phenolic Ethers. —Two important phenolic ethers arc 
methoxybenzene (Methyl phenyl ether, common name : anisole) 
C^Hb.O.GHj, (b p. 42^K) and ethoxybenzene (Ethyl phenyl ether, 
common name : phenetoJe), C 8 H s .OC 8 H s (b.p. 445K). These are 
prepared : 

(•) By heating sodium phenoxide with methyl or ethyl iodide or 
sulphate 

C,H fi ONa+CH a I C 4 H s OCH a +NaI 

Methoxybenzene 

C f H 5 0Na+(C s H 5 ) a S0 4 ^C 8 H 5 0G a H 6 +C f H li NaS0 4 (t Kg.-tz.) 

Ethoxybenzene 

(ii) Methoxybenzene is easily obtained by the action of diazo- 
methanr on phenol. 

C 0 H 6 OH+CH 2 N 8 G fl H 6 OCH B +N l (ex.) 

2-Methoxybenzenol nr 2-MethosyphenoI (common name : 
Guaiacol) —m.p. 305K, b.p. 478K) is a benzenediol ether. It is 
prepared synthetically from o-anisidinc. 
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OCH, OCH, 

C ^NH, NaNOi/HCl r^NOH 

H —* kj 

It is used in medicine and in the preparation of vanillin. 
AROMATIC ALCOHOLS 

l(. General —Aromatic alcohols are hydrosy compounds oon- 
taining a hydroxyl group in the side-chain. These may be looked 

r n as aryl derivatives of aliphatic alcohols. These may be classifi- 
M primary, sccondaiy and tertiary alcohols just like aliphatic 
alcohols and aic prepared just like them. A few typical primary 
alcohols arc discussed here. 

17. Benzyl alcohol (Phenylmethanol), C e H 6 CH a OH — 
Benzyl alcohol occurs free and as ester in jasmine oil, Tolu and Peru 
ba l s a m* . It is a typical and simplest primary aromatic alcohol and is 
isomeric with methylbcnzenol, CH 8 —C B H 4 —OH. 

Preparation. Benzyl alcohol may be prepared by methods 
analogous to those used for aliphatic primary alcohols, e.p., 

(0 By reducing benzaldehyde with zinc and hydrochloric acid . 
Zn/HCl 

C a H 5 ~CHO+2[H]-► CaHftCHjOH 

Benzaldehyde Benzyl alcohol 

(it) By treating benzaldehyde with SO per cent aqueous or alcoholic 
potash (Cannizzaro’s reaction). 

2C^H 5 CHCM~KOH-► C e H R CH 2 OH+C e H 8 COOK (90%) 

Benzaldehyde Benzyl alcohol Potassium 

benzoate 

It may also be prepared by means of a crossed Cannizzaro 
reaction. 

C«H 5 CHO+HCHO+NaOH C,H g CH.OH+HCOONa 
Benzaldehyde Beniyl alcohol 

(Wi) Manufacture. By hydrolysing benzyl chloride with aqueous 
caustic soda* 

C a H 5 CH t Cl+NaOH-* C/\CH f On+NaCl (7 *)*/) 

Properties Benzyl alcohol is a coJ ,uiless, pleasanttsmeUicg 
liquid (b.p. 478K), sparingly soluble in wati*r but retdily srlnhle in 
organic solvents. It has anaesthetic properties. Its reactions ar<* 
similar to those of primary aliphatic alcohoH, t g . 

Benzyl alcohol 
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In juiditkm to these reactions, bcizyl Alcohol exhibits the pro- 
potties of the benzene nucleus, «,p f it can be nitrated, Sulphonated, 
etc,, o- and p- derivative is obihltltd in each case. 

While preparing nucl ear-substituted derivatives of benzyl 
alcohol care must be taken to avoid reaction with the hydroxyl group. 
If is generally better to start with benzyl chloride, prepare the, substi* 
tution product and then hydrolyse it to the alcohol. 

Uses. Benzyl alcohol is used : 

(♦) As an antiseptic in ointments. 

(it) In the preparation of esters (acetate and benzoate) used in 
perfumery, 

(tu) In the preparation of benzyl benzoate—a remedy for 
whooping cough and asthma. 

(tv) In the manufacture of synthetic resins. 

18. p-Phenylethyl alcohol (2-Phenylethanol), CjHftCH^.GHfOfL 

It may be obtained by reducing phenylacetic ester with sodium 
and alcohol. 

C t H s CH*COOC a H«+4[H] -* G 0 H*GH I GH a OH+G a H # OH 

PheDylacetic ester 2-PhenylethanOi 

It is. however, manufactured by the action of ethylene oxide 
on phenylmagnesium bromide. 

yrC|H« CH|V HjO 

Mg/ + | \o^C 8 H 6 GH 2 .GH r OMgBr-►G 6 H 6 .CH a .GH 1 OH 

\Br GH,/ Addition product 

It is a colourless, sweet-smelling oily liquid (b.p. 295K) and is 
the chief constituent of rose oil. The alcohol and its esters are used 
fin perfumery. 


QUESTIONS 


A, Essay Type : 

I. What arc phenols? How do they differ from alcohols ? How can 
phenol be obtained from (f) benzene and (i/) aniline ? How can it be converted 
into (/) benzene ; (ii ) aniline ; (fff)duinol; (iV) phenolphthakin, salicylic acid, 
and cydohexanol ? 

What is the action of the following reagents on phenol: (/) Caustic soda ; 
(*/) Bromine; (Hi) Nitric acid ; (iV) Phosphorus peotachioride ; (vj Acetyl 
chloride ? (Delhi B.Sc. 1977 \ B.Sc . Hons. Sub. 1976 ; Marathwada 1973) 


2. Describe two important methods for introducing an —OH group 
(phenolic group) in aromatic nucleus. Compare and contrast the properties of 
phenol with those of benzyl alcohol 

(Andhra B.Sc . 1975 ; Delhi B.Sc. Hons. Sub. 1977) 


3. Give three methods for preparation of phenol. Starting from phenol, 
how would you prepare chlorobenzene, benzene, aniline, methoxybenzene, cyclo- 
hexanol, picric acid ? (Kerala B.Sc . 19V) 


4. How is phenol recovered from coal-tar 7 How can it be converted to i 
U) salicylic acid ; (If) picric acid ; (iff) phenolpntbaleiu ; (fv) p-hydroxy- 

1 W Phenyl 4Cete,e : B,Sc. 1971 ; Delhi 1980. 77, 

5. How maw isomer, ere polity* having the iaoleooUr formula 
G&% Q 1 Name them. How can they he prepared and distinguished t 
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Give (be turn and atructucal formula of each of thiwdibydric 
phenok* How can you prepare them 7 Describe their characteristic properties 
and uses. Hour is the hydroxyl group estimated ? 

7 What is 1, 3-benzenediol ? How has it been synthetically prepared } 
Explain its use in the preparation of the organic dye •fluorescein'* 

8 (a) Write short notes on : (0 Benzenetrio! * (//) Benzyl alcohol 

(b) How can you explain the fact that phenol is more easily attacked by 
electrophilic reagents than Nitrobenzene ? (Delhi B.Sc. 1972 ) 

9 How will you prepare the following : 

(i) 3-methyIphenol fiom m-toluenesulphonic acid, (it) ethoxybenzene 
from phenol (£0 Phenyl acetate from benzene (/v) m-nitropheaol fv) p-mtxo- 
phenol (fi p-aminopheuol (wi) m aminoohenol. (w/i) m-chiorophenoJ from 
benzene. (lx) ^-JHydroxvacetophcnone from nhcnol 

10. How will vou separate 

(/; Phenol, benzenesulphomc acid and benzyl alcohol, 

(ii) c-and p-Niirophenol, (ill) Phenol and /j-armnophenol 

B. Short Answer Type : 

1 How will you differentiate between 


CHjOH 


(Delhi B Sc Hons I97 7 ' 

2. How is phenol preoared from benzene aril propenc '> 

lGuru hanak Dtv B Sc 1977 ) 

3 Centrally, an unexpected question paper giu* v m lit uia» he Phi n >1 

is a source oi a headache tehewng drug What i» Us Miuctuial lormuld ami how 
is it synlhtMStd from phenol 7 (Gum Nunak Di\ B Sc 19V) 

4 What is the tflect of chelation on the properties of o-mtrophcnol ? 

5 Give one method or prcpaiation ol bcnz>l alcohol (hirala B 19 7 3) 

6 How will >c‘u convert phenol into (i) Salic>Jadehyde, (ii) cinnamic 

acid? {Delhi B Sc 1976 > 

7. Account for the following : 

(a) Out of three isomeric mtrophenols only the o-isomer is steam volatile 
and its boiling point and solubility are lower as compared to the other isomers 

(b) Unlike most phenols, 2, 4-dimtrophenol and 2, 4, 6*trinitrophenol 
are soluble in aqueous sodium bicarbonate 

8 Foimulate a reaction sclieme to synthesise phenol from benzene and 

making use of Friedcl-Crafts reaction (Punjab B Sc. 1975 > 

9 Give the probable mechanism of Reimcr-Tiemann Reaction 

(Punjab B Sc 1976 Supp ) 

10 Name the reagents and reaction conditions for the preparation ot the 
following from phenol 

(/) Salicylic ncid (»') /^-Hydroxyacetophenone. 

(Punjab B.Sc. 1977) 

II. Arrange the following in the increasing order or acidity : 

/7-nitmphennl F m-aminophenol, p-methylphenol, 2,4-dimtrophenoL 
Give reasons lor your answers. # (Punjab B Sc 1975 > 

12 o-Nttropbenol is more acidic than w-mtrophenol. Why ? 

(G.AU>. B*Sc. 19J6 ) 
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IS. Boiling points of phenols art much higher that the boiling points 
of hydrocarbons of roughly the same molecular weight. Explain why. 

14. How do you account for appreciable water-solubilities of phenols ? 

15 The carbon-oxygen bond of phenol is much stronger than that of an 
alcohol. For example cyclohexanol gives bromo-cydohexane when refluxed with 
cone HBr whereas phenol does not react with cone HBr, Explain why. 

Hint. In phenol carbon atom bearing OH group is sp* hybridised and 
that in cyclohexanol is sp 1 hybridised. C -O bond in phenol formed by sp'-p 
overlap is shorter and stronger than the one m cyclohexanol formed by s p*-p 
overlap. 

Both phenol and phenoxide ion are stabilised by resonance, but phenoxide 
ion is stabilised to a greater extent than phenol It is, therefore, a strong acid 
and phenoxide ion being mote stable C—O bond is very strong * 

Cyclohexanol is a much weaker aud due to lack oF resonance stabilisa¬ 
tion and OH group i* prolonged and finally replaced by Br 


o 


/~\„ «-■ 

'W® ' 

O 

Cyclo¬ 

hexanol 

Protonatcd 

alcohol 

C urbocation 

Bromo- 

cyclohexane 

16 Give 
alcohols 

ucUiomc explanation for phenols being more 
(Delhi B Sc mO , Ds.Hu B Sc 

acidic than 

Hom. moy 


17 Explain why /i-mtrophenol is more acidic than phenol 

(Delhi B St Hon* Sub 1980) 
IB. What reauions does phenol undergo with the following 


(i) Acetic anhydride followed by MCi a (anhydrous), 

(ii) Nitric acid and sulphuric aud mixture, 

(in) Nitrous acid, (n) Hexamethylenc tctramine (urotropme), 

(v) Distillation with zinc powder, 

(w) H s /Ni catalyst > (Delhi B Sc 1979) 

19. Give reason why phenols couple more readily in slightly basic than 

in acidic solution. ( Os mam a B.Sc 1980) 

20. What is Reimer-Ticmann reaction ? Give its mechanism 

(Delhi B Sc lion a 1980) 

21. Rearrange the following as siggested giving briel explanations , 

(i) In the oider o! increasing acidic strength picric acid, phenol, 
0 -mlrophenol. 

(ii) In order of increasing basic character aniline, ammonia, diraeihvla- 

mhne ( Delhi B Sc, Hons 1980) 

C. Problems : 

1. An organic compound C«Hia (A) gives on disulphonation followed 
by fusion with alkali and acidification, two isomeric compounds B and C 
of the formula CjHiqOc. Oxidation of esters of B and C followed by hydrolysis 
gives two new isomeric compounds D and E of the formula CtH* 0 4 . Both D 
and E on decarboxylation yield QHsOb (F) Identify vaiious compounds 
from A to F. 

2. The compound A is xylene. On sulphonation it gives only one 
product B which on alkaline fusion followed by acidification yields C, a phenol 
On treatment with chloroform and alkali C gives CsH 10 O| (D). Identify the 
various organic compounds from A to D. 



tw 
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fhre 


9a 
of a 
pound! 


jnjkjct reduction it jives C*R 7 0*N(t>) which rearrange* 
mineral acid to give a ne# compound 1 Identify the vril 
from A to E. » i* ( 

4. An organic compound has the molecular formula <3fHsO». It gives 
the following reactions: 

(0 On oxidation with JCMnO| p-hyroxybcazoic add ip formed, 

(//) When treated with PCI® a compound CyH«C1 v fs obtained. 

Assign structural formula to the compound y arid explain fully the 
reactions. 

5. An organic liquid A is shaken with NaOH untHl the reaction is 
complete, The products of reaction are B and C. The composition of B js 
C—77*8% ; H«7*4% ; 0*14 «% and its ozidaiion yields A. C is the sodium 

Identify A° ffaid*^ B,VC# 00 witJl Boda "^ mc 40 hydrocarbon. 

d. The following reactions have been carried out: 

Zn+NH,C1 

Nitrobenzene-> 

acid 


A (CbH 7 ON), N-phenyUhydroxylamine 


B (CsHtON) 
reduction 

—-► Aniline 

oxidation 

*+ Nitrosobenzene 


Acetic anhydride Acetic anhydride 

~ > C (CsHpO.N)---► D (C 10 H n O,N) 

(CH*)aS Ot, OH - OH*", heat 

E (C*H u O,N)-» F (CyH|ON) 

CuBr 


NaNO,. H.SO* 

-- > -■> p-Bromomethoxybenzene 

Solubility behaviour of various compounds : 

ddHCl dil NaOH *4 NaHCO n 

B sol. sol. insol. 

^ insol. sol. insol. 

D insol. insol. insol. 

K insol. insol. insol. 

f spJ- insol. insol. 

(a) What are the structures of compounds B to F. 

(W What would you get instead of B if you started with /w-nitro* 
toluene 7 

(c) Outline a possible synthesis of 3-methyl-4-aminopheaol starting from 
roluc^c, 

ANSWERS 

A. 9. (/) Alkali fusion followed by treatment with HCI. ' 

CsHgl 

W C,H 6 OH ——•-> CsHbOCiH,. 


h,so 4 

m CsHi-* CftH|SO s H 


+N-OH 

Alkali 


fusion 


CsHfOH- 


(CHgCO) fl O 


4CH.COONa 


^CsHiO.OC.CH* 


<W Reduction of m-dmitrobenzene with (NH 4 ),S followed by djazotn 
canon and heating 

(?) Nitration of phenol with dil. HNO s followed by steam-distiUatfon 
to remove the volatile <Hsomcr. 

^iXSWfcttaaa eseuuasirJssw 



mmm* % AmmmATtQ alcohols 

(Mtf Reduction of m-hffropbc$ol obtained la 

* -S MjHL _ Writ * «• 


w 


(Ww)CeH» 




H«SO^H 3 m-OCiH^SOjH «-ClC»H,OH 

Vision 


ion' 

o- Mid p-hydroxyaccto- 


M in (//) A1C1* 

(lx) QiHfOH-- CtReO.OCCHa-* 

phenditxe The^isomcr is steam volatile and can be removed. 

ie. Hub: (0 Add NdttbO. add extract C«H|0It and C,H,CH,OH 
*1th ether. From this extract C«H|OH with NaQH. > 

(JJ) ^isomer is steam-volatile. 

(Mf) Add HC1 and extract phenol with ether. 


CaHs 


COOH 


C. 1. 


2. 


9a 



nitrobenzene 

(A) 


phenol 

(B) 

_J 


phenol 

(«) 




Mineral 


NHOH add 


2> H y droxy Um ino* 

phenol 

, D) 


4-Am i no-1, 3- 
henzcncdiol 
(E) 
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CH,C1 


CH»OH 


p-Chloro- 

benzyl chloride benzyl alcohol benzoic 

S. Mol. formula of B Is CyH«0 »nd possible feomers are: 


OH 

^Hydroxy- 
benzyl alcohol 


COOB 


V 

p*Hydro*y« 
Kazoic acid 


C*H ( -OCH, 
Methoxybeazene 


C,H,CH,OH; C.H.-OCH, 

Benzyl Methoxybeazene 'OH 

alcohol •>, m% or ^-methylphe r 1 1 

2C*H*CHO + N#OH~> C*H»CH|OH ♦ C«H,CGONb 
Benzaldehyde Benzyl alcohol Sod. benzoate 

(A)_(B) (Q 

CeHt'COONa + NsOH| -> C«Hi + NatCO, 

Sod. benzoate Soda-lime Benzene 

(C) (aromatic hydrocarbon) 


NHOH 


(aromatic hydrocarbon) 
NH t 

AC.O 


NH.COCH, 


A (C«H 7 ON) 
N-phenyl- 

hydroxyl amine 


OH 

B (CgHtON) 
p-aminophenol 


OH 

C (C*H*0*N) 
p-hydroxyftcctamhde 


OH * heat 


OCHs 

F ' ( i HgON) 
ij-S > ok, aniline 

' NaN0 4 



OCHi 

F tC*H u O,N) 
p-Methoxvacetanilide 
N, HSO| 

CuBr 


O.COCH* 
D iC, 0 H„O a N> 


OCH, 

d-bromo -methoxyberuene 
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Aromatic Aldehydes and Ketones 

s^vvvv^/^/vv^*^<whrf\/VsrvNrf^Ar>^r^lAl^ 

1, The Aromttic Aldehyde! .—There arc two types of aro* 
matic aldehydes: 

{<) Those in which the aldehyde group, —CEO is directly attached 
to the benzene nucleus , e.g., benzaldehyde, C^CHO. Though 
resembling aliphatic aldehydes to some extent, these differ from them 
in some important respects. 

(ii) Those with aldehyde g*oup present in the side chain, e.g., 
phenylacetaldehyde, C 0 H B CH a CHO. They closely resemble aliphatic 
aldehydes. 

2. Benzaldehyde (Benzenecarbaldehyde), C 0 H S GHO.— 

Benzaldehyde is the simplest and the most important member of the 
aromatic aldehydes. It occurs as glucosidc, amygdalin in bitter 
almonds and is, therefore, commonly known as oil of bitter almonds, 

Amygdalin on hydrolysis with dilute acids or the enzyme 
emulsin gi\c> benzaldehyde, glucose and hydrogen cyanide. 

<^nH,.O n N f-2H..O-- C fi H 6 C.HO 4* 2CgH lB O a +HCN 

Amygdalin benz.ldehydc Glucose 

Preparation. U^n/ilrh-bvdr i lay be Prepared by anv of the 
following methods which arc general for the homologu^ a; wnl. 

(1) By the dry distillation of calcium benzoate with calcium formate 

G a Hjs COO .0|OCH 

> Via + Ca( , -* 2C B H 6 CHO+2CaCO a 

C b H 5 |COCK __ V)|OCH Benzaldehyde 

Cal. benzoate Cal. formate 

(2) By the catalytic reduction of benzoyl chloride. Hydrogen is 
bubbled through benzoyl chloride in xylene solution in the presence 
"1 palladium catalyst until the calculated quantity of hydrogen 
chloride has been evolved (Rosenmund’s reaction). The liquid is 
then acidified and steam-distilled. To prevent further reduction of 
benzaldehyde a quinoline sulphur poison is added. 

Pd 

C fl H fi COCl + Hj-► C b H 5 CHO + HC1 (* l9 ) 

Benzoyl chloride Benzaldehyde 

Btnzoyl chloride can also be reduced to benzaldehyde by 
treating it with lithium tri ferf-butoxyaluminium hydride, 

LiAlH [OC(CH 3 ) 3 ] 3 

(3) By passing a mixture of carbon monoxide and hydrogen 
chloride under high pressure (90 atm ) through benzene in presence of 
anhydrous aluminium chloride and a small amount of cuprous chloride 

(Qattermaim-Kocli aldehyde synthesis). Although formyl chloride 
(HCOC1) and formic anhydride (HGO) a O are unknown compounds, 

2*627 
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4&fipfa'HCwO+ needed for farmylation can be produced 
protonation of carbon monoxide in presence of HC3 and AlC9 r 


by 


>• © © i 

: C«0 + HCl + A1C1, LHG-.0 n—a MCsO J A1CV 

© © /H 

HC-O + ArH-> Ar< 

N GHO 

© H 

Ar^ + AJC] 4 —*■ ArCHO 4 - HCJ + Aid, 

'CHO 

Protonation of HCN produces a similar electrophile. Solid 
zinc cyanide is often used as an in situ source of HGN. 

0 

HCasN +HC1 + A1G1,- » HC^NH+AlClr 

0 ■** 

HC=-NH+Ar H--- ArCH=»NH a 

ArCH^NHj+HjO +A1C1 4 -* ArCHO+NH.+AlCl.+Ha 

Even though they are virtually the same reaction, the aldehyde 
synthesis with HGN is called Gattermaxm synthesis. 


(4) Stephen’s Method (1925). By reduction of phenyl cyanide 
with stannous chloride and hydrogen chloride in ethereal solution on 
hydrolysing the product with water . 

SnCl a /HC] + 

C'H«C«N-► tC^HgCH^NH,] [HSoClJ 

Phenyl cyanide Imino chi orost annate 

HjO 

—--► GjHjCH^O (e g ) 

Benzaldehyde 

(5) Sommelet Reaction, By refluxing benzyl chloride with 
hexamethylenetetramine in aqueous alcoholic solution followed by acidi¬ 
fication and steam-distillation. 


Qr 


(CH,),N 4 
- » 



(60-70%) 


(6) Etard Reaction. By treating toluene with chromyl chlorxde 
in carbon tetrachloride and de competing the ample* precipitated with 
water. 


CrOjCI, HfO 

G.H.CH,-► C*H,CH(OCrOHCH*) f -► C.H.CHO (90%) 

Toluene CCU Complex pptd. Benzaldehyde 

Side-chain* bigger than CH, are oxidised by 00,0), at the 
end carbon atom, eq. § , 
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(7) Grigaard Reaction. By treating phenylmagnemitm bra* 
mide with ethyl formate, 

/° /C,H. /OC.H, 

H—C—OCjHj + Mg<f —► GflHfiCHO + Mg( 

Ethyl formate ^Br Benzaldehyde ^Br 

(8) From Diazonlum Salt. By treating diazonium salt with 
formaldoxime (CH # =sNOH). 

CH.-NOH H*0 

C*H b N 8 C1-► C 0 H B GH=NOH-► C fl H 6 CHO (40%) 

Benzaidoxime Benzaldehyde 

0) Laboratory Methods, (i) By boiling benzyl chloride with 
aqueous solution of copper or lead nitrate in a current of carbon 
dioxide The mechanism of the reaction is not known. 

2C,H 6 CH a GJ+Pb(NO s ) a >2C 9 H i .CHO+PbCl 8 +2HNO l (40%) 

Erpt. A mixture of benzyl chloride (10 g), copper nitrate (8 g) and 
water (50 ml) is icfluxed in a current of CO* for about six hours. The contents 
arc cooled and benzaldehyde is extracted with ether and treated with sodium 
bisulphite. The bisulphite crystals are decomposed with dilute sulphuric acid 
and the benzaldehyde extracted with ether and distilled. 

This method has also bren used to prepare benzaldehyde 
commercially. 

(ft) It may also be conveniently prepared in the laboratory by 
oxidation of toluene with chromic anhydride in acetic anhydride. 
Benzaldehyde formed gives benzylidenr acetate and thus prevents 
further oxidation of benzaldehyde Benzylidenc acetate on hydrolysis 
with dilute acid gives benzaldehyde. 

CrOs4* HjO 

CgH.GHa-- C„H b CH(OOCCH,),-► 

Toluene (CH 3 C0),0 Benzylidene acetate 

C r H l GHO+2GH 8 COOH (40-50%) 

(tit) A much better yield (about 90%) of benzaldehyde if 
obtained by oxidation of benzyl alcohol with chromic anhydride 
in acetic anhydride or with acidified dichromate. 

O 

CJI 6 CH 8 OH-► C 0 H b CHO 

Benzyl alcohol Benzaldehyde 

(10) Manufacture, (a) By healin'/ benzyJidene chloride (obtained* 
by chlorination of toluene) with ivater at 370 K , is the presence of frewi 
powder as catalyst. 

2H*D /OH — H*0 

C h 1I b CHC1 2 -H 6 CH( -► G*H 6 CHO (76%) 

Benzylidenc chloride —2HC1 (Unstable) ^OH Benzaldeb>de 

(6) By partial oxidation of toluene with manganese dioxide and 
65 per cent sulphuric arid at 310K [liquid phase oxidation). 

MnO.+HaSCU 

G B H fi CHH 2(0]-C«H 5 CHO + H,0 

Toluene Benzaldehyde 

Toluene may also be catalytically oxidised with air diluted 
with nitrogen at 770K in presence of oxides of manganese, molyb* 
denum or zirconium (vapour phase oxidation ). 

T#C -2'84~2'40 
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Properties : Physical. Benzaldebyde is s colourless highly 

refractive liquid (b p. 44 3K ; refractive index ! *55) slightly heavier 
than water (density 1*05) having characteristic smell of bitter 
almonds. It is only slightly soluble in water but readily soluble in 
alcohol and ether. It is volatile in steam and poisonous in nature. 


Chemical. The molecule of benzaldehydc consists of the 
benzene nucleus and an aldehyde group. Benzaldehydc (and aromatic 
aldehydes in general) differs from aliphatic aldehydes in certain 
respects because of the aldehyde group being linked io the phenyl 
group. Most of its reactions, however, are typical of the aliphatic 
aldehydes as given below : 


(a) Common Reactions of Benzaldehydc and aliphatic 
aldehydes ; 

(l) Addition Reactions. Benzaldelnde forms a cyanohydrin 
with hydrogen cyanide and a bisulphite compound with sodium bi- 
sulphhe. It is generally obtained pine via the bisulphite compound 


C fi H 5 CH=0 + HGN 
B;nzaldehyde 

C 0 H 6 CH=O + NaHSO, 
Benzaldehydc 


c„h s ch/ 


OH 

ON 


Mandelanitrile 
(C y anohydnnj 

OH 

c„h s ch( 

\S0 4 Na 

Bmilphite compound 


(2) Oxidation. Rcnzaldchyde is oxidised to ben/oir acid e\en 
on exposure to air 

2C*H ft CHC) 4- O,-* 2C 0 H b COOH 

BenzaUlehyde Benzoic acid 

Baeycr and Villiger (1900) suggested that this oxidation occurs 
•itt die formation of perbcnzoic acid. 


✓° /° C.H.CHO 

C,H,-C—H+O,-+ C.H.C—O—Oil-* 2C,II t COOH 

Perbcnzoic utid 

At present, howevei, it is believed that oxidation proceeds via 
tree peroxide radical. 

(3) Reduction. Benzaldehyde on reduction with zinc and 
hydrochloric acid or with sodium amalgam and water gives hydro¬ 
benzoin, and benzyl alcohol (r/., acetaldehyde which gives erhyl 
rtlcohol). 

C 0 H a CHO + 2(11]-* C«H t) CH a OH 

Bcnzaldehvde Iknzvl alcohol 

2C 0 H fi CHO * 2[H]-► C i H a ,CHOH.CHOH.C i H l 

Hydrobenzoin 

* (4) Reducing Properties. Benzaldehyde is rradily oxidised 

and thus acts as a strong reducing agent, t.g,, it reduces ammoniaca) 
silver nitrate to silver mirror, itself being oxidised to benzoic acid. 


C,H s CH0+2Ag(NH l ) t ++30H--► 2Ag+C,H l COO- + 4NH, 
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(5) Addition-Elimination Reactions. Aldehydes and 
ketones react with a number of derivatives of ammonia in the 
general way involving addition to >C=0 group followed by elimi¬ 
nation of a molecule of water as shown below : 

H H 

| I Ol Addition |+ " | •• Proton 

—N : + C=0 : ** —N-C—O : v* 

| | I exchange 

H H 

H 

I I -H.O ■■ / 

—N-C-OH ;= —N=C<( 

| Elimination ' 

Some specific examples are : 

(t) Benzaldehydc reacts with hydrozylamine and phenylhydrazine 
to give an oxime and phenylhydrazone respectively. 

C,II*CH=iO + H,| NOH-► C,H*CH=NOH + H.O 

HyUroxylamine Benzaldoxime 

C,H 6 CH=jd t |N.NHC,H l -► C«H S CH=N. NHC 9 H 5 +H.O 

Phenylhydrazone 

Benzaldoxime exists in two geometrical isomeric forms. 

C„H 5 —C—H C.H, - C—H 


N—OH HO—N 

Syn~ form Anti- form 

(»») With hydrazine it forms brnzylideneazine. 


2C,H,CH=0+H I N.NH 1 -► C,H I CH=N—N=CH.C,H,+2H l O 

Benzyl idenea zinc 

(G) Replacement of Carbonyl Oxygen. Benzaldehydc reacts 
with phosphorus pentachloride when the carbonyl oxygen is replaced 
by two chlorine atoms to form benzylidene chloride. 

CjHjCHO+PC1 5 -► C 8 H 5 CHC1, + POC1. 

Benzylidene chloride 

(7) Tischenlco Reaction. On heating benzaldehyde with 
aluminium alkoxide (ethoxide or isopropoxidc) and a little anhydrous 
A1C1 b or ZnCl Bt it undergoes an intermolecular oxidation and reduc¬ 
tion similar to Cannizzaro reaction but the alcohol and acid instead 
of appearing as such, react to produce benzyl benzoate. 

AI(OC*H,)* 

2C„H fi CHO-* C e H G CH,OOCC t H 5 

Benzaldehyde Benzyl benzoate 

CH^CHO which give* CH.C^OOCCH.} 
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(8) ScUffi Retction. It gives a pink colour with SchifTs 
reagent (roaaniline hydrochloride solution in water decolorised by 
passing sulphur dioxide). The mechanism of the reaction is obscure 

(9) Wittig Reaction. Aldehydes and ketones react with 

K hosphorus ylides e.g., alkylidene triphenylphosphoranes 

CjHJj P«CRR' where R and R' may be alkyl or aryl groups or 
hydrogen atoms]. 

R 

4- (C,H t ) 8 P=C/ 

X R' 

An ylide 


> 


=o 


>c= 


*c( +(C,H 6 ), 

\ R t 


PO 


An aldehyde 
or ketone 


Substituted 

alkene 


C b H b CH-0 4-(C b H b ), P=CH f 

Benzaldelydc Methylene tripheny] 
phosphorane 

( b ) Reactions of Benzaldehyde 
aldehydes : 


Triphenyl 
phosphine 
oxide 

C 6 H 6 CH-CH a + (C s H 5 ) 3 PO 
StyTcnc 

different from aliphatic 


(1) With Fchling 1 * solution. Unlike aliphatic aldehydes, 
benzaldehyde does not reduce Fehling’s solution. 

(2) With ammonia. It docs not yield a simple addition pro* 
duct with ammonia but gives a complex product hydroberizamide , 
(CgH # CH),N a or CiHsGHf—N==CH.C B H 6 ) B [cf., acetaldehyde which 
gives aldehyde ammonia and formaldehyde which gives hexamethy¬ 
lenetetramine). 

3C B H 6 CHO + 2NH S -► (CgHgCHJ.Nj + 3H b O (90%) 

Benzaldehyde Hydrobenzamide evei 


(3) With caustic soda. Benzaldehyde does not give any 
resinous mass with sodium hydroxide ( cf ‘, acetaldehyde) but under¬ 
goes Cannizzaro reaction [cf., formaldehyde). Two molecules of 
benzaldehyde take part in the reaction, one is reduced to benzyl 
alcohol while the other is oxidised to benzoic acid. 


2 G,H s GHO + NaOH-► C^CH^H + C B H B COONa 

Benzaldehyde Caustic soda Benzyl alcohol Sodium benzoate 

The mechanism lm'on'es hydride ion transfer, one possibility 

being as follows ; 


d°* r t> 

r_ _ .. ADDITIONl „ „ J, ]l _(| HYDRIDE^ 

[CetLr-C—H *= 0H ^ Ws—C H C H TRm5F tf 

Cq (fA5V Co C 6 fls 


4 A 


m 


— J— H-^S222!L#.A/f._ 1 +h _H u 

* ekhange L * n s k +ti — c —H 


I 

o 


Qs H 5 




O 
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Ac formaldehyde is oxidised more readily dun benzaldehyde, 
the latter is completely converted to benzyl alcohol when a mixture 
of benzaldehyde with excess of formaldehyde is heated with concen¬ 
trated aqueous sodium hydroxide (crossed Cannizzaro reaction). 

C t H,CHOH-HCHO+NzOH —► C^I,CH,OH + HCOONa 
Benzaldehyde Benzyl alcohol 

(4) Benzoin Condensation. Benzoin is formed by condensa¬ 
tion of benzaldehyde when refluxed with aqueous alcoholic potassium 
cyanide solution. 

C,H 5 —CH f H—C—C,H,—«- C,H,—CH—C—C,H, (83%) 

HID I II 

Of—* O OH O 

* J en 7 alriehyde {Two malec'ifos) Benzoin 

Mechanism of the Reaction. The generally accepted 
mechanism of benzoin condensation is as follows : 



F ° 

c s a 5 t —cty?*; 

ca h 


OH 

r I 

■C 6 H 5 r~rC o H 5 , 

r\ I 

1 +CN H 


O OH 

11 1 ^ 
r 0 H s c — c%H s +:ai 

H 

BENZOIN 


(5) Other Condensation Reactions. It condenses with cer¬ 
tain compounds (aliphatic and aromatic) with the elimination of a 
molecule of water yielding an unsaturated product in each case. 

(a) Perkin’s Reaction (1877). Benzaldehyde (or any other 
aromatic aldehyde) when heated with the anhydrous sodium salt of 
a fatty acid (containing two a-hydrogen atoms) and its anhydride, 
gives an unsaturated acid. For example, with acetic anhydride and 
sodium acetates, benzaldehyde gives cinnamic acid. 

CH a COONa 

C 6 H,CHO+(CHjCOJ.O -►G S H & GH=GHGOOH +CH a COOH 

Benzaldehyde Acetic anhydride Cinnamic acid 

With propionic anhydride and sodium propionate, it gives 
a-methylcinnamic acid. 

GH 

CfH|COONa I " 

C l H i GH-0+(GH a .CH 1 .C0) l 0-►C a H 6 GH=C—COOH 

a-methylcinnamic add 

Mechanism of the reaction . The reaction is believed to take: 
place as follows through the formation of a carbanion. 
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CH 1 .0O.O.CO.CH 1 +CH 8 0O6^CH 1 .CO.OCO.CH i +CH.COOH 

JtO o- 

U I H+ 

C^I, C+CH,.CO.O.COCH, w* C,H S .C.CH f .CO.O,COCH, r* 

H i 

OH 

! —H.O 

C,H,.C.CH r CO.O.COGH I —► C,H,.CH=CH.CO.O.COCH i 

I 

H 

H.0 

-►C«H(GH= CH.COOH + CH.COOH 

Cinnamic acid 

(6) Knoevenagel Reaction. With malonic acid in ethanolic 
ammonia in presence of pyridine benzaldehyde undergoes Knoevena- 
gel reaction to give cinnamic add. 

Pyridine 

CgH R CH=0 + CH 1 (GOOH) 1 -►C,H 6 CH~CH,COOH+CO I 

Malonic acid Cinnamic acid 

(c) Claisen-Schmidt Reaction (also known as the Claisen 
reaction). Benzaldehyde, in the presence of dilute alkali, condenses 
with aliphatic aldehydes or ketones containing a-hydrogen, t.g. t with 
acetaldehyde it gives cinnam aldehyde. 

__ NaOH 

CgH 5 CH=: 0+H 8 CH.CH0-► C € H t CH--CH.CH0 + H 1 0 

Benzaldehyde Acetaldehyde Clnnamaldehyde 

With acetone it gives bcnzylidene-acetone (used in perfumery) 

C,H|CH=|0+H i |CH.COCH 3 -► C,H 5 CH=CH.COGH a 

Benzylideneacetone 

In presence of aqueous alcoholic sodium hydroxide dabenzyl- 
ideneacetonc is produced. 

2G,H s CH-0+CH 1 .C0.CHj-» (C,H S -CH=CH)„C0+2H,0 

Di benzylideneacetone 

The mechanism of the Claisen-Schmidt reaction is as follows • 


HO 


Qh-Qc. 


ch 2 cho^h 2 o + €H 2 ciro 


rh f r 0 

%h s ch+ ch 2 cho c 6 h b chcu 2 vho 

- P 4* - 

OH +C 6 B s CH — CHCHO ~ c 6 H 5 CH-*-CHCHo 


I 


C 6 H S CH = CHCHO+OH 


Citmaxn aldehyde 



AKOMAflC ALDEHYDES AND KETONES 2635 

Thus we find that this reaction is similar to aldol conden¬ 
sation (see page 2*197). 

(d) With Aniline. Benzaldehyde reacts with primary aromatic 
amino-compounds to form anile or Schiff's base, e,g., on warming 
with aniline, it condenses to give benzylideneaniline. 

C,H 5 CH-= |0 +Hj|N.G,H, * CjH 5 GH=NG t Hr,^-H,0 {83%) 

Benzaldehyde Aniline Benzylideneaniline 

Aliphatic aldehydes tend to produce compounds of the type 
RCH(NH.C,H,) a , 

(e) With phenols and tertiary aromatic amine a in presence of 
ZnCl, or II a SC) 4l it condenses to give triphenylmethane derivatives 

C,H 5 CH=0 K2^n)N{GH) 8 ), _ h !!°! 

\-/ —HjO 

Benzaldehyde DimethylRniline 



Malachite green 

(6) Action of chlorine. Benzaldehyde on chlorination in the 
absenre of a halogen carrier gives benzoyl chloride ( cf. r acetaldehyde). 
This is 1 rcau^e in benzaldehyde there is no ^hydrogen present which 
could be replacrd by chlorine. 

C fl H B CHO + Cl,-' C p H 5 COC1 -* HCJ 

Benzaldehyde Benzoyl chloride 


(7) Reactions of Benzene Nucleus. Hmzaldehyde can be 
nitrated and sulphonated a^ U5ual, n>eta- derivatives arc obtained in 
each case. Curiously enough, concentrated nitric acid and sulphuric 
acid mixture does not oxidise benzaldehyde (as expected) but nitrates 
it. 

Cone. HNO a NO, 

C,H b CHO -> C,H 4 < 

Benzaldehyde +H,S0 4 N CHO 


C,H b CHO 


m-Nitrobenzaldehyde 
Cone. H 1 SO 4 /SO»H 

-* C,H / 

x CHO 


m-Bcnzaldehydesulphonic acid 


Uses. Benzaldehyde is used (») for flavouring purposes in 
perfumery' ; [ii) in the manufacture of dyes ; and (m) for the prepa¬ 
ration of organic compounds like cinnamic acid, cinnamaldehyde, 
benzoyl chloride, etc. 

3. Cinnamaldehyde, 3-Phenylpropenal, C fl HiCH®CHGHO. 

—It is the chief constituent of cinnamon oil from which it can be 
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lepsrated by preparing the bisulphite compound. Synthetically, it 
may be prepared from brazaldehyde by Claisen condensation. 

__ NaOH 

C,H s CH*|0+H ?i lCH.CH0-►C 8 H & CH~CH.CHO+H i O 

Bcnzaldehydc Acetaldehyde Cianamaldehyde 

It is a colourless oil (b.p. 525K) which slowly oxidises to 
cinnamic acid in air on treatment with ammoniacal silver nitrate. 

C fl H B CH=GH.CH0+[0] C,H B CH=CH.COOH 

Cianamaldehyde Cinnamic acid 

Wilh vigorous oxidising agents like acid permanganate, the side- 
chain ruptures at the double bond to produce benzoic acid. 

I* gives the bisulphite compound with sodium bisulphite but the 
remetio n is reversible. 

.OH 

Cyfl 6 CH=CR.CHO +NaHS0 1 -*C 8 H 1 CH^CH<' 

Cianamaldehyde ^SO.,Na 

Bisulphite compound 

With bromine it gives the dibromide by addition of bromine at 
the double bond. 

C*H B CH=CH.CHO+Br f -► C 8 H B CHBr—GHBr.CHO 

Cianamaldehyde Addition product 

On reduction with aluminium isopropoxidc ((Mcerwein* 
Potmdorf-VerUy reagent), it gives cinnamyl alcohol. 

[(CH # ) b CHO],A1 

CgHaCH =CH.GHO d 2 [H]-* C 8 H B CH^CH,CH f OH 

Cianamaldehyde Cianamyl alcohol 

LiAlH* and XaBH t also reduce cinnainaldehyde to cinnarnyl 
alcohol. They reduce the — CHO group but do not reduce the 
ethylenic double bond. 

4. Phenolic Aldehydes or Hydroxvaldehydes—These are 

aromatic aldehydes containing one or more hydioxyl groups directly 
attached to the nucleus. 

General Methods of Preparation. 

(1) Gattermann aldehyde synthesis. By treating a phenol 
with a mixture of HGN and BOl in presence of AlCl^ and decomposing 
the oompiex produced mth water. p-Hydroxybenzaldehydc is obtained 
as the main product. 
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(2) Reimer-Tfemann Reaction (1876). By Refluxing an 
alkaline solution of phenol with chloroform at 330K- Excess of chloro¬ 
form is removed by distillation. The residue is acidified with sulphu¬ 
ric acid and steam-distilled when phenol and o-hydroxybenzaldebyde 
distil over and jp-hydroxybenzaldehyde is left behind. 


For mechanism of the reaction see page 2 ‘607. 

(3) Duff’s Reaction (1932). By heating phenol with hexa¬ 
methylenetetramine, glycerol and boric acid. The mixture is acidified 
with sulphuric acid and steam-distilled when the o-isomer (salicyl* 
aldehyde) distils over. 

OH OH 

0 (/. (CH.)iNi r^>iCHO 

Phenol Sal icyl aldehyde 


Properties of phenolic aldehydes are given under salicylalde- 
hyde, a typical member of the family. 

°H 

5. Salicylaldeh^de (o-hydroxybenzaldehyde), C,H/ 

\CHO 

—Salicylaldchyde occurs in certain essential oils. It is prepared — 


(•) By refluxing an alkaline solution of phenol with chloroform ut 
360K Reimer Tiemann Reaction, 1R76). 

For mechanis?n of the reaction see page 2 607. 

The product is acidified with sulphuric acid and steam-distilled 
when salicylaldchyde and the unchanged phenol distil over leaving 
behind the ^-isomer which is also obtained with the o-isomer. 


(»*) Duff’s Reaction. See above. 

Salicylaldchyde is a colourless, pleasant-smelling oily liquid 
(b.p. 470K) soluble in water and alkalis to give a yellow solution. 
It gives the characteristic reactions of a phenol and an aldehyde, e.g. t 
in aqueous solution, it gives an intense violet coloration with ferric 
chloride. Salicylic acid is produced on oxidation while o-hydroxy- 
bcnzyl alcohol is obtained on reduction. 


OH 


C.H,/ 

x CH,OH 

o-hydroxy- 
benzyl alcohol 


[H] 


,OH 

c.h,<; 

'■CHO 

Salicylaldchyde 


[O] 


OH 


n COOH 
Salicylic acid 


It docs not give Schiff's test and docs not reduce Fchling's 
solution. It, however, reduces ammoniacal silver nitrate on pro¬ 
longed standing. 



2638 


ORGANIC CHEMISTRY 


Salicylaldehyde on oxidation with alkaline hydrogen peroxide 
gives 1, 2 -Benzenediol (Dakin Reaction, 1909). 




OH 


NaOH 

+ H a O,-► 



OH 

OH 


+HCOON* (67-737*) 



This reaction is characteristic of o- and p-hydroxyaldehydes. 

Hydroxy group in salicylaldehyde is not so reactive as that 
in the m- and p-isomers. This is believed to be probably due to 
intramolecular hydrogen bonding. This also accounts for the fact 
that salicylaldehyde is steam volatile while m» 
and p-isomers are not so. 

6. Vanillin, 4hydroxy-2-methoxy~ 
benaaldehyde. —It occurs in many plant pro¬ 
ducts, ft g. t the vanilla bean. 

Preparation. Vanillin may be prepared— 

(i) From guaiacol by means of Reimer- 
Ticmann reaction, or Gattermann reaction (see 
page 2 627). 

OH OH 

CHCU/NaOH 


15 


cy 

I 

H 

Hydrogen bond¬ 
ing in salicyl- 
aldehyde. 






Reimer-Tiemann 

„ , Reaction _ _ 

Guaiacol CHO 

Vanillir 

(it) By oxidation of isoeagvnol t vith nitrobenzene. Isoeugenol 
obtained from eugenol. 


OH 

r^^NOCHj, KOH ale. 


OH 




Heat 


CHi.CHa-CH, 
Eugenol 



,OCH a [O] 


OH 

r^ocw. 


CH = CH.CH a 

/fu-eugcnol 


CHO 

Vanillin 


(»W) The liquors obtained during extraction of liquid from wood- 
pulp contain vanillin and are, therefore, used as a source of vanillin. 

Properties. It is a pleasant-smelling, colourless, crystalline 
solid (m.p. 354K). With ferric chloride solution it gives a blue 
coloration. On heating with HGl it hydrolyses to give protocate- 
chualdchyde. On ethylation it gives ethylvanillin which is three 
times as strong as vanillin. 


OH OC a Hj 

f^'NOCH, (C,H,),SO*/N»OH i^^NOCH, 


CHO CHO 

Vanillin Ethylvanillin 

7. AslsaJdehyde, p-methoxy»benzoldekyde 11 occurs in essential oils. 
It may be prepared by methylating p-hydroxybenzaldehyde or introducing an 
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aldehyde group in methoxybenzeoe by Gittermann’s aldehyde synthesis. It is, 
however, msuhctiued from anethole by oronolysis or by oxidation with ado 
dichromote. 

OCHi OCH, 



K.Cr .O, 

+h,soT 


o 


«CH.CH* CHO 

It is an oil (b.p. 521K) which gives anisic acid on oxidation and antsy l 
alcohol on reduction. 

OCH* OCH* OCH| 

[hi to] 




CH,OH CHO 

Anisyl alcohol Anisaldehyde 

8. Protocatrcbualdeliyde, 3, 4-Dihydroxybenzaldehyde. 
Preparation, (f) By heating vanillin with hydrochloric acid. 
OH OH 



COOH 
Anisic acid 



H, 


HC1 



OH 


CHO CHO 

Vanillin Protocatechualdehyde 

(/i> Ftom I, 2-benzenedioI bv Reimer-Ticmarn reaction. 

OH OH 



OH CHClj,, NaOH 



OH 


1, 2-benzenediol CHO 

Protocatechualdehyde 

Properties. It is a crystalline solid (m.p. 430K), soluble in water, it 
produces a green coloration with FeCl a and reduces ammoniacal silver nitrate 
solution. 

9. Pflperonal. 3, 4-meihylencdioxobcnzaldehyde—\t is the methylene 
ether of protocatechualdehyde. 

Preparation. (i) By healing protocatechualdehyde with methylene iodide 
and sodium hydroxide. 

O-CH fl 

OH I | 

Or ♦CH,I,+2NbOH|^ jj ° + ;Nal + 2H,0 

CHO CHO 

Piperonal 

(it) By ozonolysis or oxidation of iso-safrole (obtained from aafrole with 
ale. KOH) with *cid dichromate. 



:H t CH-CH t 
Safrole 
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Properties, It is a white solid (m.p. 310K) having the smell of helitrope. 
On oxidation it forms piperonyJic acid while on reduction it gives piperonyl 
alcohol. On heating *ith dilute hydrochloric acid at 470K under pressure it 
yields protocatcchualdehyde and formaldehyde or methanol. 

10. The Aromatic Ketones.— Aromatic ketones may be : 

(t) Aromatic-aliphatic or aryl-alkyl ketones in which one of 
the two radicals attached to thr carbonyl group (>CO) is an 
aryl radical and the other is an alkyl radical, e.p., acetophenone 
CeH.CO.CH,. 

(//) Purely aromatic or diaryl ketones in which both the groups 
attached to the carbonyl group are aryl radicals. e.p. p benzophenonr 
or diphrny] ketone. C.H.CO G e H B . 

In general, aromatic ketones resemble aliphatic ketones exeept 
that they do not form bisulphite compounds and give the usual 
teactions of the benzene nucleus. 

11. Acetophenone (Methyl phenyl ketone, A cetyl benzene), 
C,H 4 COCH a . 

Preparation. (1) By the distillation of a mixture of calcium 
bmzoate and calcium acetate . 

C.H.JCOOv .OOCCH, 

, >Ca -|- Ca< | -►2C^i s COCH,H-2CaCO, 

C.H.iCOO^ ^OIOCCH, Acetophenone 

Calcium benzoate Calcium acetate 

(2) By treating benzene with acetyl chloride in pretence of anhy¬ 
drous aluminium chloride (Friedel-Crafts Reaction). 

C t H fi IT" + JCJ|COCH,-C t H s COCH, + HC1 

Benzene Acetyl chloride Acetophenone 

(3) By treating benzoyl chloride with dimethylcadmium 

2C.H 5 COCl + (CHjJsGd —* 2C,H 5 COCH a + CdCl, 

Dimethyl cadmi m Acetophenone 

Properties * Physical. It is a colourless, crystalline solid 
(m p 293K , b.p. 175K) with a pleasant smell. It is slightly soluble 
in water. 


Chemical. Chemically acetophenone is very similar to ace¬ 
tone For example : 

(i) Reduction On reduction with sodium and ethanol accto- 
pber it e gives secondary alcohol (cf , acetone - > Isopropyl alcohol). 


C«H, 


N >C = 0+2iH| 


ch/ 

Acetophenone 


>CHOH 

ch/ 

PhenylmethylcarWnol 


Reduction with amalgamated zinc and concentrated hydro* 
chloric acid (Clemmensen reduction) yields ethylbenzene. 

Zn/Hg 

C f H B COCH a +4[H]-► C«H B CH t CH|+H t O 

Acetophenone HCI Ethylbenzene 

(») Oxidation. On oxidation with cold KMnO, it gives 
phenylglyoxylic acid (i benzoylformic acid), which on further oxidation 
yields benzoic add (c/., acetone-^acetic acid). 
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[O] [O] 

CgHgCOGHj—►G a H 5 COCOOH-> C 8 H 8 COOH 

Acetophenone Phenylglyoxylic acid Benzoic acid 
On oxidation with selenium oxide, it gives phenylglyoxal. 

C e H 6 COCH 8 4-SeOj-► C^HsCOCHO-f Sc + H a O (69-72%) 

Acetophenone Phenylglyoxal 

(iii) Condensation Reactions, Condensation reactions of 
acetophenone with hydroxylaminc (NH a OH) and phcnylhydrazim 
(CgHsNHNH,) are similar to those with acetone. 

C.H, _, C,H, V 

>C=-IO + Hs|NOH-► >C=NOH +H.O 

CH/ 1 - CH/ 

Acetophenone Hydroxylamine Ketoxime 


C.H, 


\c. 


CH, 


/ 


|U + H s |N.NHC,H t - 


C,H» 


C=N. NHC.H,+H .O 

ch/ 

Phenylhydrazone 

In presence of aluminium tert .-butoxide two molecules or 
acetophenone condense to give dypnone. 

CH, CH, 

C.H.— C=|o”4r~H;cH.CO.C,H s — —i. c 5 h 5 - c=ch.coc,h> 

Dypnone 

With acetic anhydride it condenses iu presence of boron trifluo¬ 
ride etherate to give benzoylacetone. 


BFa/ether 

C,H 5 C0CH,+(CH,C0),0-►C ! H s COXM,COCH,4-CH I COOH 

Benzoyl acetone 

(in) Addition reaction with hydrogen cyanide is similar to that 
of acetone but with sodium bisulphite there is no reaction. 


C.H, 

CH, 


^C-O+HCN- 


C,H.\ c/ °H 


CH,/ V CN 
Cyanohydrin 

to form acetophenone-ammonia, 
(C fl H B ,C.CH 8 ) 3 N a (c/. f benzaldehyde which gives hydrobenzamide 
with ammonia). With Grignard’s reagent it reacts as usual similar 
to acetone. 


It reacts with ammonia 


(v) Halogenation. Acetophenone is readily halogenated m 
the co-position, e.g on treating it with bromine in ether at 273K. In 
the presence of a little A1C1 8 it gives phenacyl bromide (tu-bromo 
acetophenone) 

C 6 H 6 COCH 8 + Br,-► G n H 6 COCH 2 Br + HBr 

Acetophenone Phenacyl bromide 


(n) The Haloform Reaction Like ollnr meth\l keiunes 
acetophenone reacts With halogens in the presence ul base (if., *n 
hypo halite solutions) when three hydrogen atoms of the methyl 
group are replaced by halogen atoms. Multiple halogenation occurs 
became on substitution of the first hydrogen by halogen atom, the 
remaining hydrogens on methyl carbon are more acidic through 
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inductive effect of halogen atom. Thus H atom of CH* in I is acidic 
but the H atom of CH*X in II is more acidic due to inductive 
effect of X atom. For the same reason H atom of CHX* in III is 
most acidic. 


O (K7^\ 0 ^ 

ii r . ii n x a 

l\H— C — l—+ :S—C 6 H— C—C — H ■ - ^ *> 
H H 


(i) 

0 X 

II I ^ 

C b H—C — C—iW 


:B 


■m 


i 

H 


C 6 H—c—C: 


0 X ^ 

to 1 

-X 

I 

H 


0 X 

II i 


0 


ir :b 


c 6 h 5 ~c-c^x C 6 H 5 —C—cx 9 


This is an example of base promoted halogenalion. Different 
steps involved are : — 

(•) Abstraction of a proton by the base -Jb 

(ii) J lectruphilir attack by the halogen at the negatively 
i h'irged centre, 

lui) R* petition of the above two steps till all the three hydro¬ 
gen atoms ol tie C IIj group are leplacrd by tlnee halogen atoms. 

The trthaloki tone so obtained fuither reacts with aqueous 
alkali. The Oil - attacks the taibon atom oi the tnhaloketone and 
causes a tlesuage of the caibon-carbon bond between the carbonyl 
group and the trihalomclliv 1 group. The ultimate products are the 
benzoate ion and the halntorm (CTICl 3t Clli?r 3 or OIII,) 


4*5 —C—CXi 
C OH 


k i rv 
c e %— c—cx s 


OH 


0 0 

|| u 

Wi~ C QHi-C—O +MX) 

OH 


Carboxylate ion Haloform 
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Various steps involved in the mechanism of the reaction are : 


(f) Nucleophilic attack by :OH. 

(ti) Adduct loses :CX 8 to form benzoic acid. 

(iit) Proton exchange to form a more stable pair 
O 

I! 

(C a H ft C—O - and CHX S ) 

The haloform reaction using iodine and aqueous NaOH is 
termed the iodoform reaction. It is given by all compounds contain¬ 
ing the two groups shown below ; 

—G—C:H a and — CH—GII a 

H i 

O OH 

frit) Reactions of the Benzene Nucleus. Unlike aliphatic 
ketones, acetophenone can be nitrated and sulphonated, meta deri- 
t alive is obtained in each case. 

Uses. {i) As hypnotic (sleep-producing drug) in medicine 
tinder rhe name hypnone . 

(**) In prrfumrry. 

12 Phenolic Ketones. —A number of phenolic ketones occur 
in nature free or as gl>n titles "llirse may be prepared— 

(») By Houben-Hoesch Synthesis (1327). By condensation of 
cyanides iinth polykydric phenols (m-ierrmers particularly) in presence 
of ZnClj and Id CL For example, 1, 3, 5-iienzenetriol condenses with 
methyl cyanide to form 12, 4, 6 Trihydroxy-acetophenone 

ch 3 ~c=nh 



goch. 2 

I 




OH 


OH 

2, 4, 6-Tnhydroxy- 
acetophenone 

Houbcn-Hoesch synthesis is only an extension of Gattermann’s 
phenolic aldehyde synthesis. It is not applicable to phenol itself. 
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(it) i By JFrle* lewna yw t, A phenyl ctter no treatment 
with anyhydrous AlCl, gives o~ or £»-hydro*yketone or a mixture of 
both. 




and 


COR 


para- 


hydroxyphcnyl ketones 


13. Benzophenone (Diphenyl ketone) p C s H 5 .COC 9 H e 

Preparation (1) By heating calcium benzoate 

(C*H ft COO) 8 Ca-b C B H 5 .COC e H fl 4 CaCO B (30%) 

(2) By FriedeUCrafU reaction betueen benzene and benzoyl 
chloride . 

AlClp 

C B H 8 +C B H B COC]-* C f H 6 COC g H 5 4 HCJ (80%) 

Instead ol benzoyl chloride, carbonyl chloride may be used. 

AlC!, 

?C a H e 4 COCI 2 --> C b H 6 CO.C 6 H 5 f HC1 

3 Commercially benzophrnonc is obtained by Friedel-Grafts 
reaction between benzene and carbon tetrachloride followed by 
steam-distillation of the dichloro-compound obtained. 

AlCb H b O 

2 C f H fl CCJ 4 -, (C a H B ) B CCa, —- - (C 9 H 6 ) 2 CO (80-89%) 

—2HCI - 2HC1 

Properties It is a colourless, pleasant-smelling solid and 
exists in two forms, a stable form (m.p. 322K) and an unstable form 
(m.p 299K). It is insoluble in water but soluble in alcohol or ether 

It show* the characteristic properties of the keto group but forms 
no bisulphite compound, eg, on reduction with sodium amalgam 
ft gives ben/hydrol or diphenylcarbinol, a secondary alcohol. 

(C b H 6 )*CO + 2[H] (C 9 H B ) ? GHOH 

Benzophenone Ben/hvdrol 

When distilled with zinc dust or when treated with amalgama¬ 

ted zinc and concentrated hydrochloric acid ( Clemmensen redilction] 
benzopbenone is reduced to diphrnylmethane, (O^H^jOHb. 

Zn^Hg 

C B n B COC 9 H 6 4*4fI-l]-v C e H 6 CH B C B H fi f H b O 

HCl Diphcnylmethatie 

On fusion with solid caustic potash it breaks to givr benzene 
«nd benzoic acid. 

Fuse 

C b H 6 COC 6 H 6 4 KOH-V C b JI b 4 C e H 5 COOK 

Beruophenonc Put ben/oate 

QUINONES 

14 Benzoqiiiiumea.— Benzoquinones are unsaturated cyclic 
diketones formed by the replacement of two hydrogen atoms by two 
oxygen atoms. Two benzoquinones are known* These are: 
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o-Benzoquinone p-Benzoquinone 

ra-Benzoquinone is not known. It is not possible to construct a 
similar formula with two carbonyl groups in the m-position and at the 
same time maintaining a valency for carbon. 

15. p-Benzoqninone (p-quinone) —It is the most important 
member of the family and is commonly referred to simply as quinone. 

Preparation. (») By oxidation of 1,4 Buiz^ l-diol with ferric 
chloride , manganese dioxide and sulphuric acid , dichromate ; 
or sodium chlorate in dilute sulphuric acid in ilie presence of V a O B 
(catali/Ht) The last named oxidising agent is the best 

O NaClOj/HiSOi /=\ 

OH^LO]——-^O -= ^ y=0 + H a 0 (92-96%) 

1, 4 Benzt ucdiol p-Bcn^uquinc>ne 

(ft) By oxidation of J, 4 Benzenedwl with lead tetraacetate 



OH + (CH B COO) 4 Pb 


o= 



=o 


+2CH 3 COOH h (GHjGOO^b 


(Hi) By oxidation of aniline with potassium dichrornate and 9id* 
ph'tric acid (Laboratory method). 



NH> -f 2[OJ-* 


Aniline 



p-Benzoqunc no 


Properties. p-Benzoqmnonc crystallizes as yellow prisms 
(m p. 389K) with a sharp )dour It sublimes on heating and is volatile 
in steam It is slightly so'ublc in water but dissolve* readily in 
alcohol and ether. On exposure to light it turns brown. 

It has a crowed conjuyat> i mj^m with thre^ conjugated double 
bonds not ananged in a continuous straight chain 


i 

O- 


/GTI^CHy 4 

'j / \rj — 

n ch-=ch / 


c=o 


it behaves like an o$-unsaturated ketone rather than as an 
aromatic compounds as shown by its chemical properties given below; 

T#C-lh2 B4-41 
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{*) Oddkdon. With silver peroxide it i* oxidised to maleic »cld. 
O 
( 

O t0 j HC-COOH 
HC-COOH 

Maleic acid 

O 

f-quinone 

(it) Reduction. It is easily reduced to 1, 4-benzenediol 
6-additioc j by sulphurous acid, hydrogen or sodium hyposulphite. 


(i 


0=Q_-0 —\ HCX^'^OH 


(80%) 


p-quinone Quinol 

Here the >C=0 group does not get reduced to the group 
>CHOH. Instead of this it gives the groups sCOII and qiunone 
ring reverts baik to the benzene structure. 

(fit) With PC1 B It rearts with phosphorus prntuchlnride to 
give p-dic hlorobenzrne. Here also each oxygen atom is replaced only 
by one Cl atom (not two as expected) and quinone ring reverts to the 
benzene structure. 

O 


IJ 


0—6 
li ci 


O p-dicliloroben/ene 

(iv) Addition of Halogens. With bromine it gives dibromo- 
dcrivativc (by3,4-addition) With excess of bromine it adds two more 
bromine atoms (in V 4'-positions) to form the tetrabromo derivative. 


Br Br 


Br Br 


o-Qo^o-Q-o*o-Q o 

Br Br 

l>qumonc Djbromo- Tetrabromo* 

derivative derivative 

(v) With Hydrochloric acid It adds one molecule of HC1 to 
give chloroquinol possibly by 1 : 4-addition followed by enolisation. 
O OH 



Intermediate 

product 


2-Chloro- 
1, 4-benzenediol 



aromatic aldehydes and ketones 


2*6 


On oxidation, 2-chloro-l, 4-benzenediol yields chloro-p-benzo^ 
quinone. By repeating the process of adding HC1 followed by oxida¬ 
tion each time, we get chloranil (tetrachloro-p-benzoquinone). 

O 


OH || OH 



O 

Chloranil 

(vi) Chlorination. Halogens give addition or substitution pro¬ 
ducts with quinone depending upon the experimental conditions. For 
example, chlorination gives chloranil, a substitution product. 

(vtf) Oxidising property. Because of its easy reduction to 
quinol, p benzoqniaone is a fairly strong oxidising agent. Presence of 
electron-attracting groups increases its oxidising power. Thus chloranil 
is a stronger oxidising agent and a fungicide. 

(vni) With Hydroxylamine. Quinone reacts with hydroxylaminiQ 
to form oxime and dioxime. This shows the presence of two carbonyl 
groups. 


o= 


*NOH and HON- 


NOH 


Benzoqumone-oxime- 


Bcnzoquinonc-dioximc 


The monoxime resembles p-nitrosophenol and gives p-nitro- 
phenol on oxidation. This shows that the two compounds are 
tautomeric. 



p-oitrosophenol Quinone-oxime 


(ir) Formation of Addition Compounds. It forms addition 
compounds of uncertain structures with a number of aromatic com¬ 
pounds. For example, 

(a) With phenol it gives phenoquinone, a complex formed by 
hydrogen bonding. This may be 


C.H,—OH...O 


O—cya, 
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(6) Quinhydrcnc is a green crystalline compound believed to 
be a complex formed by hydrogen bonding between one molecule of 
p-quinone and one of 1, 4-benzenediol. 



Quinhydronc is used in the measurement of hydrogen-ion con 
cen(ration by the potentiometric method. 

16. Structure of p-bennoquinone.— (a) Molecular formula 
of p-benzoquinone as deduced from its analytical data and mol. wt. 
determination is C*H 4 O f . 

(6) Fittig’e formula , ( i ) p-Benzoquinone on reduction gives 

1, 4-bcnzenediol. This shows that in p-benzoquinone the two 
oxygen atoms are in p-positions. 

(it) This view is further supported by the fact that 1, 4-benzene 
dioi on mild oxidation gives p-benzoquinone. 

(lit) Keeping these facts in view Fittig proposed the following 
formula for p-benzoquinone : 


o = 



-O 


(c) Qraebe's formula Fitiig’s structure Joes not agree with 
certain other properties of p-benzoquinone. For example, on treat¬ 
ment with PC1 4 it gives p-dicholorobenzene. This suggests that the 
two oxygen atoms are linked to the two carbon atoms by single 
bonds. Gracbe (1867) suggested the following formula for it : 



O 

O 


This is supported by the iact that p-benzoquinone is a strong 
oxidising agent like hydrogen peroxide, the structure of which is 
H—O—O —H. 

(d) Many other properties of p-benzoquinone support Fitrig’s 
formula and do not agree with Graebe’s formula. For example : 

(0 It gives monoxime and dioxime which suggests the pr-sence 
of two carbonyl groups. 

(«) II behaves as an unsaturated cyclic ketone rather than an 
aromatic compound a* shown by addition of halogens and halogen 
a cid s. 






WWIMAIIU ALPEHYPESAITO KETONES 


2‘649 


{«♦)* Infra-red spectrum shows the presence of carbonyl groups* 
(tv) If Gracbc’a formula were correct, there appears to be no 
reason why m-bcnzoquinone should not exist. 

From the above discussion it is dear that Fittig’s formula 
agrees better with the properties of p-benzoquinone and is, therefore, 
accepted as its structural formula. 

17. o-Besoquinone or o-Quinone, —It is prepared by the 

oxidation of 1, 2-benzenediol with silver oxide. 



Oil Aa ? 0 

+ Co] 

OH 



+ h 2 o 


1, 2-ben icncdiol o-Benzoquinone 

o-Benzoquinonc is readily oxidised by silver oxide in presence 
of water. Anhydrous sodium sulphate is, therefore, added to remove 
water. 

It exists in two forms : 

(f) Green needles (unstable). 

(it) Light red crystalline plates (stable). 

It is odourless and not volatile in steam. It is reduced to 
catechol with sulphurous acid. It is a strong oxidising agent and 
liberates iodine from acidified potassium iodide. 

QUESTIONS 

A. Essay T> pe : 

1. How is bcnzaldchyde prepared fiom toluene 7 Give at least five 
important reactions of the compound. Show how it differs from acetaldehyde. 

{Delhi B.Sc. Horn. Sub. 1976 Supp. ; Jabalpur B.Sc. 1973) 

2. Give two important methods of obtaining salicylaldehyde. Compare 
and contrast its reactions with those of benzaldehyde. 

C Delhi B.Sc. Hons. Sub. 1977 ; Delhi B.Sc. 1976 ) 

3. Describe the preparation of Acetophenone. How can you obtain 
the following from it : 

(0 Benzoic acid, (if) Phenacyl bromide, (Hi) Dypnone, (iV) Benzoyl 
acetone ? (Rajasthan B.Sc. 1971 ) 

4. Give the preparation and properties of any two of the following : 

(/) Benzopbenone ; Hi) Vanillin ; (Hi) Protocatechualdehyde; (iv) Pipe- 
tonal. ( Kerala B.Sc. 1973 ) 

5. What is quinone ? Describe two methods of preparing p-benzo* 
quinone. Discuss its important physical and chemical properties. Would you 
include these compounds under aromatic class ? Give reasons. 

6. Write short notes on : 

(i) Rosenmund's reaction. (ft) Etard’s reaction. 

(ft/) Gattermann-Koch aldehyde synthesis. 

(iv) Gattermann aldehyde synthesis (v) Stephen's reaction. 

(r/) Sommelet reaction. (vft) Tischenko reaction. 

(viii) Crossed Cannizzaro reaction. ( ix) Reimer-Tiemann reaction. 

(x) Houbcn-Hocsch synthesis, (xi) Fries rearrangement. 
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7* How win you distinguish between: 

CO Benzaldehyde, bcnzophenone and acetophenone, 

CIO ft-Vateraldehyde and benzaldehyde, and 
(iif) Sal icyl aldehyde and p-hydroxy benzaldehyde ? 

8. How will you prepare: 

(а) p-Tolualdehyde from (0 p-tolulc acid, and (ft)/>*toIuonitrile, 

(б) Phenylethylamine from acetophenone, 

(c) p-Bromoacetophenon© from bromobenzene and acetic anhydride, 

(d) Benzil from benzaldehyde, 

(r) Benzaldehyde from benzene ? 

B. Short Answer Type : 

1. Complete the following equations and give the name of the reaction 
involved in each case : 

Pyridine 

(0 C.H«CHO + CH a (COOH) f -► 

CH a COONa 

no C b H b CHO + (CH,C0).0-* 

(Delhi B.Sc Hons . Sub 1977) 

2. Discuss mechanism involved in the following reactions : 

(/) Benzaldehyde is heated with sodium propionate and propionic 
anhydride. 

(*0 Benzaldehyde is refluxed with aqueous ethanolic potassium cyanide. 

C Delhi B.Sc . Hons. 1977 ) 

3. How is cinnamic acid prepared ? How does it react with : (0 ammo- 
niacal silver nitrate, (ii) Br Zl (Hi) NaHSO, and (iV) aluminium isnpropnxide ? 

4. Give two methods for the preparation of salicylaldehydc. 

5. Give one example to illustrate each of the following : 

(/) Wittig reaction 

(//) Reductive animation. (Punjab B.Sc. 1975 ) 

6. Complete the following reactions, indicating against each the name 
of the reaction involved : 

NalO 

(i) C.H^OCH,-► 

OH- 

(ii) Me a CCHO+HCHO-► 

CH.CH.COONa 

( iii) C a HjCHO +{ CH.CH^CO^O-► 

(Punjab B.Sc. 1976) 

7. The reactions of aldehydes and ketones with LiAlK* and NaBH 4 are 
examples of nucleophilic additions to the carbonyl group (>C-=Oy. Name the 
nucleophile involved in the reactions. 

8. Why is the first step in halogenation of acetophenone in aqueous 
NaOH solution termed *‘base promoted” rather than base catalyzed 7 

9. Which of the following compounds would give a positive iodoform 

test? 

(/) Acetophenone (ft) Acetone 

(i7) 2-Pentanone (fv) 3-Penlanone 

(v) 1-PhenyJethanol (wf) 2-Phenylethanol 

(vii) 2-Butanol (viii) 3-Pentanol 

(ix) Acetaldehyde (x) Benzaldehyde 
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10. Give a suitable mechanism for each of the following: 

(aj Perkin's reaction ( b ) Cannizzaro reaction 

(c) Benzoin condensation (rf) Knocvenagcl reaction 

[e) Claisen-Schmidt reaction 

(Kurukshetra B.Sc. 1978 Supp. t 78 ; Delhi 1978 ; Madras 1978 ) 

11. How will you obtain (/) Benzylideneanilinc and (n) Cinnamic 

acid from bcnzaldehydc 7 (Kurukshetra B.Sc. 1977 Supp.) 

12. How will you convert benzaldchyde into 3-phenylpropionic acid 7 

{Kurukshetra B.Sc. 1974) 

13. How is benzaldchyde prepared 7 Give reactions in which it differs 

from acetaldehyde. {Delhi B.Sc. 1978) 

14. What is the order of reactivity of benzaldchyde, benzophcnone and 
acetophenone towards nucleophilic addition reactions ? Explain. 

{Guru Nanak Dev B.Sc . 1977) 

15. How will you obtain ethylbenzene, benzoic acid and bcnzoylacetonc 

from acetophenone ? (Guru Nanak Dev B.Sc. 1977) 

16. Why carbonyl compounds have lower boiling points than the 

alcohols from which they arc derived ? {Gum Nanak Dev B.Sc. 1977) 

17 How docs benzaldchyde react with a solution of sodium hydroxide 7 

(/) Mention the name of the above reaction 

Ui) Give two examples of other aldehydes which undergo a similar 
teactlon. 

(in) Give the mechanism of the reaction involved. 

{Delhi B.Sc. Hons. 1980) 

18 . DKliiss the mechanism oT Claisen condensation. 

{Osmam'a B.Sc. 1980) 

C. Problems: 

1. An organic compound having 79'H5% of eai bo > and 5 66% of hydro¬ 
gen had the vapour density 53. It had a characterise smell and on oxidation 
with potassium permanganate, it gave an acid the sodium Silt of which on distil¬ 
lation with soda-hme gave benzene. Whal is the original compound 7 

2. A compound (A) contains 80% carbon and 6 7% hydrogen. On 
oxidation it yields an acid (B) which contains 68’8% carbon and 4*9% hydrogen. 
(A) reacts wuh hydroxylaminc tn give (M) containing 71*1% carbon, 6'7%, 
hydrogen and 10*4% nitrogen. When (M) is reduced, an amine results which can 
be resolved into optical isomers. What is the structure of (A) 7 

3. Anorganic compound (X) containing C«68'84% ; H=4*92% and 
0—26*24% and a vapour density of 61, reacts with hydroxylaminc to give a 
compound (Y). 

fY) on treatment with acetic anhydride gives anoher compound (Z) 
which when reacted with caustic potash gives ammonia and w-hydroxybenzoic 

r?' \ 


Again the compound (Y) when treated with sodium and alcohol gives a 
compound (7/) which with nitrous acid gives another one (Z*), On oxidation 
(Z") gives m-hydroxyben7Pic acid. 


Name the compounds (X), (Y), (Z), (Z') and (Z*) and explain the above 
changes. How is (X) synthesised ? 

ANSWERS AND HINTS 

A. 7. (i) CflHfiCHO has characteristic smell of bitter almonds and the 
other two have a pleasant smell. Acetophenone gives Iodoform reaction, 
benzophcnone does not, 

(//) Benzaldchyde does not reduce Fehllng’s solution, valeraldehyde does. 
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1. Introductory.— The aromatic acids are derived from 
aromatic hydrocarbons by the replacement of one or more hydrogen 
atoms by carboxyl groups (—COOH) which are directly attached 
to the nucleus. The acids containing the carboxyl group in the side^ 
chain may be regarded as aryl-substituted aliphatic arijs. But they 
are also classified as aromatic acids because of iheir am^naMc charac¬ 
ter due 10 the presence of a benzene ring. 6omc typical aromatic 
acids are; 

/GH, .COOH 

C fl H # COOH ; C fl II 4 <^ ; C 6 H 5 CH a COOH ; 

Benzoic acid ^COOH Phenylacedc acid ^COOH 

Toluic acid Phthalic acid 

MONOBASIC ACIDS WITH CARBOXYL GROUP ATTACHED 
TO THE NUCLEUS 

2. General Methods of Preparation. —General methods for 
thr preparation of aromatic acids are : 

(t) By the oxidation of rorrrspending alcohol or aldehyde , c.g. t 
benzyl alcohol or benzaldehydc gives benzoic acid. 

KMnOi KMn0 4 

C a H 6 CH a OH-► C e H 6 CHO-► C fl H B COOH ((i ,g ) 

Benzyl aluohol O Benzaldehyde O Benzoic acid 

(ft) By th * hydrolysis of aromatic nitriles p e.q , bcnzonitrile nn 
hydrolysis gives benzoic acid and o-tolucnecarbonhrile gives o-toluic 
acid 


h,so 4 

G„H 6 CN + 2H a O-> C 6 H 6 COOII + NH, (g.-v.g.) 

lljnzonitine Ben/oic acul 

CH a GH a 

SiCN H a SO| i^^^GOOH 

r |] +2H.O —* (I) +NH, 

o-Toluenecuiboniuile o-Toluic acid 

The nilrile may be obtained by fusing the alkali salt of sulpho- 
nic arid with potassium cyanide. 

C,H 6 |S0,K T K ICN-► C a H,CN + K a SO, 

Or 


By Sandtneyer’s reaction, i.e., by treating a diazotised amino- 
compound with cuprmis cyanide dissolved m aqueous potasstum cyanide. 

K«Cu(CN)a 

C.H.N.Cl-► CgHjCN + N, 
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(Hi) By meant 0 / Qrignard reagent, phenyl magnesium bromide 
with CO| yields benzoic acid. 

y° /O HC1 

C*H,MgBr+Cj=0 —► C.Hj-C-OMgBr —»• C,H s COOH (90%J 

Phenyl magne- Addition product Benzoic acid 

alum bromide 

(mj) By Friedel-Crafts reaction, e.g., when benzene is treated with 
excess of carbonyl chloride in the presence of anhydrous aluminium 
chloride, benzoyl chloride is produced- This on hydrolysis gives 
benzoic acid. The yield is about 55-58%, 

AlCl a H t O 

CflHg-fCOCl,-* CeHsCOCl -* C b H 6 GOOH 

Benzoyl chloride Benzoic acid 

Excess of carbonyl chloride is necessary as otherwise benzo- 
phenone may be obtained as the main product, 

(r) By the oxidation of homologues of benzene with dilute nitric 
acid, dichromate4-sulphuric acid, alkaline permanganate, etc. Some¬ 
times it may be more convenient to chlorinate the hydrocarbon and 
then oxidise the chloro derivative. 

Cl. Na,COj 

C 5 H 5 CH s -► GgHgCH^Cl-^ C g H # (JH s OH 

Toluene Benz> I chloride KMnO, BeuzyI alcohol 

(Intermediate product) 

[O] 

-* C 6 H b COOH (H0%) 

Benznic acid 

Oxidation of side-chain via chlorination is very easy since the 
intermediate alcohol is comparatively more readily oxidised than the 
original hydrocarbon 

3. General Properties —As compared with aliphatic acids 
the aromatic acids are less volatile, less soluble in water and slightly 
stronger acids in genet al. This is because phenvl group, like a 
double bond, exerts an electron-withdrawing etltxt on the carboxyl 
group. When heated with soda-lime these are readily decarboxylated. 
Their more important reactions are given unde* benzoic acid. 

4 SeMoic acid (Benzenecarboxylic acid), CjHjCOOH,--. 

Benzoic acid is found in balsams and resins particularly gum benzoin. 

It is also present as hippuric acid (b<nzylrjlycine) in the unne of horses. 

Preparation Benzoic acid can be prepared in the laboia- 
tory by any of the general methods of preparation given above. 

Manufacture. Commercial benzoic acid i< prepared : 

(*) By the hydrnlyeiB of benzylidyne chloride with milk of lime 
m the preset ce ol jion powder (catalyst). 


Fe;Ca(OH), 

c,H,cn.--l 

Benzylidyne chloride 


C.H S C 


yOH 

x OH 

\OH 


—H a O 


C e H b .COOH 
Benzoic acid 


(Unstable) 

(«) By the catalytic oxidation of toluene with air , 

2C,H,. CH ,+30,->-2G t H B .C00H+2H 1 0 

Toluene Benzoic add 
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(»'W) By means of Friedel-Orafts reaction between benzene and 
carbonyl chloride and hydrolysis of benzoyl chloride obtained. 

CyH.+COCI,-► C.H.COCl-► C„H e COOH (55-58%) 

Carbonyl Benzoyl Benzole acid 

chloride chloride 

Properties : Physical. Benzoic acid forms white, pearly 
flakes (m.p. 395K), sparingly soluble in cold water but readily soluble 
in hot water, alcohol and ether. It is volatile in steam, and sublimes 
when heated at about 375K. Its vapours are irritating in smell and 
provoke coughing and sneezing. 

Chemical. Chemically benzoic acid resembles aliphatic acids 
and gives similar reactions. It is, however, a stronger acid than 
acetic acid. 

(а) Reactions of Carboxyl group : 

(i) Salts are produced by neutralization, when benzoic acid 
reacts with an alkali hydroxide or carbonate. 

C 0 H 6 COOH 4- NaOH -> C B H B COONa 4 H a O 

Sodium benzoate 

(ii) Benzoic acid readily forms esters when it is refluxed with 
alcohol in the presence of small quantity of concentrated sulphuric 
acid or hydrogen chloride. 

CoDC. H 2 SO 4 

CgHgCO/Oli + H ) OG a H # -► C b H u COOC 2 H 6 +H b O 

Benzoic acid ptha.iol Ethyl benzoate 

(iif) With phosphorus penlachloride it gives benzoyl chloride. 

C B H B COOH fPCl,-► C B H 5 COCl4-POCl a fHCl 

Benzoic acid Benzoyl chloride 

(is) Wlien heated with soda-lime, benzoic acid gives benzene. 
C a H 6 COOH + CaO- *C b H 8 + CaCO B 

(v) With ammonia it gives ammonium benzoate which on heat 
ing gives benzamide. 

NH 3 Heat 

C B H 6 COOH-* C B H B COONH B -* C B H B GONH B 

Benzoic acid Amm. benzoate Benzamide 

(б) Reactions of the Phenyl group : 

Benzoic acid gives the usual substitution reaction of the nucleus, 

nitration, sulphonation and halogenation, Tlic meta derivative 
is obtained in each case. 

Uses, (i) The acid and some of its salts are used in medicine 
as urinary antiseptic 

(ii) Sodium benzoate finds use as food preservative. 

(m) The acid is also used in the manufacture of aniline blue—a 

dyestuff. 

(iv) Its vapours mixed with steam are inhaled for disinfecting 
bronchial tubes. 
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(I) Benzoic acid dissolves in hot water bttt separates 
again on cooling as shining white flakes. 

(it) It liberates carbon dioxide from a warm solution of sodium 
carbonate. 

(m) When fused with soda-lime, inflammable vapours of ben- 
acne are evolved. 

(it?) A neutralized solution of benzoic acid gives a buft-coloured 
precipitate with ferric chloride. 

(v) On waiming with alcohol and cone. HgSO a , a characteristic 
sweet smell of ethyl benzoate is perceived. 

5. Comparison between Benzole add and Phenol. 

Points of Similarity : 

(/) Both are acidic in nature—turn blue litmus red and neutralize alkalis. 

(ii) Both liberate hydrogen with metallic sodium. 

(Hi) Both react with PClj—phenol yields chlorobenzene while benzoic 
acid gives benzoyl chloride. 

( iv ) Both give the usual substitution reactions of the benzene nucleus, 
e.g. t nitration, sulphonation and halogenation. 

Points Of Difference : 

(/) Phenol is a weaker acid and does not decompose carbonates. 

(//) Phenol gives a violet colour with ferric chloride solution whil 
benzoic acid gives only a buff-coloured precipitate. 

(i/7> Phenolic group (in phenol) can be removed with zinc dust whereas 
carboxyl group (in benzoic acid) is removed by heating with soda-lime. 

(to) Phenol gives Lieberraann’s nitroso-reaction, benzoic acid does not. 

(v) Phenol gives coupling reactions with diazoniura compounds, benzoic 
acid does not. 

(W) Phenol has a typical phenolic odour, while vapours of benzoic aud 
arc arritating in smell. 

(iii) Phenol reacts with acetyl chloride, benzoic acid does not. 

(viit) Benzoic acid gives esters with alcohol, phenol does not. 

6. Benzoyl chloride (Benzenecarbonyl chloride), G 6 H B GOO 

Preparation. (*) It may be readily prepared by distilling benzoic 
acid \nth phosphorus pentachloride or thionyl chloride. 

C b H d COOH + SOC1* —► G 6 H 5 COCl+SO > +HCl (75-80%) 

Benzoic acid Thionyl Benzoyl 
chloride chloride 

(ii) By the action of carbonyl chloride on benzene in the 
presence of anhydrous A1C1 3 {Friedel-Crafts Reaction). 

AlClt 

C 6 H„ + COCl 2 -► C fl H a COCl + HC1 

Carbonyl Benzoyl 

chloride chloride 

(Hi) It is manufactured by chlorinating benzaldehyde mi the cold . 

C # H fi CHO+Cl fl —► C^COCl +HC1 (ex.) 

(u?) Another method for the manufacture of benzoyl chloride 
is by heating benzoic acid with benzylidyne chloride. 

C.H.COOH+C*H s CC1 8 —►2C«H b COC1 +HC1 
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Properties. It is a colourless, Aiming liquid (b. p. 470K) with 
a very pungent and irritating smell. Its vapours cause watering of 
the eyes. 

W It is only very slowly decomposed by water or by dilute 
sodium hydroxide (c/., acetyl chloride) intp the free acid and 
hydrochloric acid. 

C,H,COldr+_HOH-► C t H,COOH+HCl 

(it) Because of the above property, compounds containing an 
active hydrogen atom can be benzoylated m the presence of aqueoua 
sodium hydroxide. This method of bemoylcUton — process of replace* 
ment of active hydrogen by a benzoyl group , known as Schott en- 
Baumaxm Reaction, e.g., 

C,H S NH H-t 01 GOC,H 6 +NaOH^C,H 6 NH.COC e H 6 +NaCl+H i a 
Aniline Benzanilide 

C 4 H s O H + CI iCOC.H,+Na OH -^C 9 H 6 COOG„H s +NaCl +H.O 

Phenol Phenyl benzoate 

C # H s CO rT+ H OGjHj +NaOH-j-C,H,COOC ! H, +NaCl+H s O 

Ethyl benzoate 

QHfiCOCl + 2NH a -► C 8 H 5 CONH b +NH 4 C1 

Concentrated Benzamide 
aq ammonia 

Expt Mix some aniline with excess of 10° o caustic soda solution 
Shake it vigorously with a small excess of bcnzovl chloride The insoluble 
benzanilide crystallizes out 

(tit) It reacts with sodium benzoate on heating to give benzoin 
anhydride. 

C«H t GOO| Na -4 C llCO.C.H,-,(C,H 6 C0),0+NaCl (g ) 

(iv) With benzene it reacts in the presence of anhydrous A1C1 B 
to give benzophenone. 

AlCla 

C.H.+CiCOC.Hj —> C s H 6 GOC.H 5 + HC1 

BtDZophenone 

(v) Rosenmund's reaction Bubbling or hydrogen throug > 
baizoyl chloride m xylene solution in presence nf palladium cataly t 
gives bcnzaldehyde. 

G 8 H 6 G0C1 + H 8 - -► C fl H B CIIO + HC1 

Bcnzaldehyde 

Uses. Benzoyl chloride is used in beruoylation of organic 
compounds f or identification and other purposes 

7 Benzamide ( Benzenecarboxamidc ) f GdH^CONHf 

Preparation (t) By the action of concentrated aqueous ammonia 
on benzoyl chloride 

C 6 H*GOC1 + 2NH b — >G g H 6 GONH a +NH.CI (v.g ) 

(ii) By hydrolysis oi brn/onitnle with warm alkaline hydyn 
g<n peroxide (3 %) Allc.H,Oi 

C,H,C®N+H l O- vO,H 6 CONH, Im.) 
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Properties. It is a white crystalline solid (m.p. 403K) insoluble 
in cold water but dissolves in hot water. It gives the usual reactions 
of an aliphatic acid amide. 

For example : 

(i) Hydrolysis . £)n boiling with dilute acid oi alkali it is 
hydrolysed to benzoic acid. 

G i H B CO|NHT+ H|OH-► C 6 H B COOH+NH, 

(it) Dehydration. On heating with P t O 10 it is dehydrated to 
benzonitrile. 

PjOi0 

C„H fi CONH a -► C ( H 6 CsN 

—H g O Ben/omlrile 

(tii) Formation of salts. With mercuric oxide it forms mercury 
bcnzamide, (C fl H 6 CONH) 2 Hg. 

With sodium or sodamide in ethereal solution, the sodium sail 
fC a H B CONH]“Na+ is formed. Its structure may be 

O 6 

n " 1 

[C b H & —C—NH]N a + or [C a H B — C=NHjNa+ 

i n 

(tv) Formation of two types of ether b. Silver salt of benzamide 
reacts with ethyl iodide to give 0-ethylbcnzamide, which on hydro- 
Jysis forms benzoic arid, ethanol and ammonia. 

OC 2 H 6 

I 

C fl H 6 — G«NH 4 2H.O-► C a H B COOH + C a H B OH + NH a 

O-cthylbenzamide 

Sodium salt on treatment with ethyl iodide gives 2V-ethyl- 
brnzamide which on hydrol^bis yields benzoic acid and ethylamine. 

O O 

0 II 

C a H B —C~- NH,C 2 H s 4- H OH-►C a H fl -C—OH+C a H fi NH a 

JV-ethylbenzamide 

^f-alkyl derivative corresponds to the formula I whereas 0-alkvl 
-derivative corresponds to the formula II. It is possible that I and II 
are resonating structures. 

8. Benzoic anhydride, (C a H 5 CO) a O. —It is prepared— 

(i) By heating sodium benzoate with benzoyl chloride . 

CaH^OOj Na VCl |COC a H B -► (C 8 H B CO) s O + NaCl fe.) 

Sod. benzoate Benzoyl chloride Benzoic anhydride 

(si) A better and more convenient method is by distilling slowly 
<t mixture of benzoic acid and acetic anhydride . 

l 2C 8 H 6 COOH 4- (CH a CO) a O —► (C a H 6 CO) a O+2GH l COOH 

Acetic anhydride Benzoic anhydride 

Properties. It is a white crystalline solid (m.p. 315K). It is 
very slowly decomposed by water (qf . acetic anhydride which is 
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more reactive). It can be used in place of benzoyl chloride in ben- 
zoylation but it is not so convenient aa benzoyl chloride. 

9. Benzoyl peroxide, CjHjCO.OvO.COCjHb. 

Preparation, (t) By treating benzoyl chloride iviih sodium 

peroxide 

2C fl H 5 COCi+Na a O a -► (C € H 6 CO)*O a +2NaCl 

(ii) By adding benzoyl chloride and aqueous sodium hydroxide 
mixture to cold H 9 0 t with vigorous shaking . 

2C 6 H 5 COGH-2NaOH+H a O a -► (C 8 H B C0) 2 0 2 +2NaCl+2H s 0 

Benzoyl peroxide 

Properties. It is a colourless solid (m.p. 377K) and a fairlv 
stable substance. It is used in free radical polymerisation processes 
(it readily generates the phenyl free-radical). 

10. Benzonitrile [Benzenecarbonitrile) C e H a CN. 

Preparation. (») By dehydration of benzamide with P t O\ a . 
P 4 0 1(1 heat 

^HbCONH, -► C fl H 6 CN 

—H.O 

(»i) From benzenediazonium chloride by means of the Sandmeyer's 
reartion [see page 2'579). 

(iii) By fusing sodium benzene 9ulphonate with sodium cyanide (see 
page 2'527). 

Properties. It is a colourless oil (b.p. 464K) smelling like 
bitter almonds. Chemically it resembles alipha»ir nitriles. 


KOMOLOGUES OF BENZOIC ACID 

11. Toluic acids.—There are a large number of homologues 
of benzoic acid We shall, however, mention only toluic acids (me- 
thylbenzoic acids) here. Three isomeric toluic acids are : 


n W HH. f!H 



(m.p. 378K) (m.p. 384K) ^-Toluic acid (m.p. 453K) 

These can be prepared by oxidation of the corresponding 
xylenes with dilute HNO a or from the corresponding toluidincs. 


c € h 4 


/CM, 

^NH, 


o-, m or P- 
Toluidine 


Diazotise 


► C.H,^ 

n N,G1 
i>-, w, or p- 
Tolucnediazonium 
chloride 


Sandmeyer’s 


reaction 



CH t 

CN 


o-, m- oi p- 
toluonUnle 



C.H 


/CH, 

‘^COOH 


o-, m- or p- 
tcluic add 
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Chemically toluic acids resemble benzoic acid, 1 h re is very 
slight difference in their acid strength 1 >i acid«4*20 

and for toluic acid=4*24). In addition there are the properties 
of — CH a group, an additional side-chain. For example, on oxidation 
it gives phthalic acid. 

SUBSTITUTED BENZOIC ACIDS 

.NH, 

12. Anthranilic acid CjH/ (o-Aminobenzoic acid), 

\C00H 

(•) Preparation. By reduction of o-nitrolsenzoic acid or by in¬ 
ternal oxidation of o-nilrotolucne, by heating with alcoholic sodium 
hydroxide. 

O CH, NaOH Ale f^'^COONa HC1 f^^OOOH 
NO, *■ ^/NH, 

o-Nitroioluene Anthranilic acid 


(«) Manufacture. By oxidation of phthalimide with aqueous* 
sodium hydroxide and sodium hypochlorite {Hofmaun reaction). 



CO 
^CO 

Phthalimide 


NH 


NaOH i^'^COONa 

^^CONH, 


NaCIO 


O COONa hCT r^iCOOH 

NH, __+ ^Jnh, 

Sod. anthranilate Anthranilic acid 

Properties and Uses It is a white solid (m.p. 4U1K), sweet 
in taste and soluble in water, alcohol and ether. On heating it loses 
CO, and forms anilinr. It gives usual reactions of an amine and 
an acid 


It is used in the manufacture of indigotin. Methyl anthranilate 
is used in perfumery Characteristic smell of jasmine and orange 
blossoms is dur to the picsence of me tliyl anthranilate. 

13 p-Axninobenzoic acid. Ir may be prepared by reduc 
ingp-nitrobenzoic arid />-Aminobrnzoic acid (m.p. 459K) is one of 
the substances constituting vitamin B complex. Certain derivatives of 
it are local anaesthetics, e.g, t novocaine. 


H a N 


COOCU,CH,.N(C,H*) 2 


14. Salicylic add (o-hydroxybenzoic acid), C 0 H 

There are three hydroxyben/.oic acids—the o-, 
isomers. Out of these only the o-isomer (salicylic acid) is 
It occurs as methyl salicylate in many essential oils. 


/ 


OH 


4 ' N COOH 

nt- and />* 
important 


Preparation, (i) By heating solid sodium phenoxide to 
d90-4lOK with carbon dioxide under pressure —Kolbe’i Reaction. 



AROMATIC ACIDS 


2661 

OH 


CJH.ONa+CO, 

Sodium 

phenoxide 


390-410K 


under 

pressure 


C,H, 


/ 


OH 


Ha 


‘^COONa 

Sodium salicylate 


►C.H. 




X COOH 
Salicylic acid 
{o-hydroxybenzoic add) 


3 n fact this method is a modification of the original Kolbe’s 
reaction and is known as Kolbe-Schmitt method. 


A small amount of /?-isomer is also obtained along with the 
o-isomcr. If, however, the temperature rises above 415K, the p -isomer 
is the main product. Similarly, if potassium phenoxide is taken 
instead of sodium phenoxide, the p-isomer is the main product. 

I he probable mechanism of this reaction is the attack on the 
activated < arbon atom of the ring by the weakly electrophilic GO,. 



Salicylate anion 

(u) By heating phenol with carbon tetrachloride and alcoholic 
potash (Reiraer-Tiemann Reaction), (r/. page 2 607). 



Properties : Physical. Salicylic acid gives colourless needle- 
shaped crystals (m.p. 429K), sparingly solublr in cold water but readily 
soluble in hot water, alcohol, ether and chloroform. It sublimes on 
heating quickly below its melting point and is volatile in steam. It is 
poisonous in nature and possesses antiseptic properties. 

Chemical. Due to the presence of a carboxyl and a phenolic 
group, salicylic acid combines in it tlic properties of an acid and a 
phenol. 

(i) A metal carbonate reacts with the carboxyl group while 
an alkali reacts with both phenolic and carboxyl groups to give 
dimetallic derivatives. 


/OH 

c.iU 

x COOH 

Na,CO, 

/OH 

c.h 4 / 

^COONa 

-► 

/OH 

g,h 4 < 

n COOH 

NrOH 

/ONa 

“•"-Nooon. 


(n) With alcohols in the presence of gaseous hydrogen chloride, 
the carboxvl group is reacted forming esters. 

QC-2 84 —2’42 
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C,H, 


/ 


OH 


—H*0 / 

-► c»h/ 


OH 


‘ N 'CO|OH+HOC J H ( """ ^‘^COOC.H, 

Salicylic acid Ethyl alcohol Ethyl salicylate 

(*n) With phosphorus pentachloride, both the groups are reacted. 


c,h 4 


/ 


\ 


oh pci § y a 

_* p w/ 


COOH 


‘^COCl 

Salicylic acid o-chlorobenzoyl chloride 

(iv) With acid chlorides and anhydrides the phenolic group is 
ac via ted. 

OH + CJICOCH, /O.COCH, 

CgH 4 v Acetyl-► 

x COOH chloride —HQ ^COOH 

Salicylic acid Acetyisalicylic acid 

( Aspirin) 

(w) When heated with 'oda-lime the —COOH group is removed 
yielding phenol. 

.OH 

/ —l n,n -. C fl H B OH+CaCO a 

Phenol 


C t H t ' + GaO- 

''COOH Soda-lime 


Salicylic acid 

(ri) With ferric chloride (neutral solution) it gives violet colour 
(property of the phenolic group). 

(mi) When heated slowly, it undergoes decarboxylation to yield 
phenol. 

OH OH 


O cooh slow r^>] 


+ CO, 


The ease of decarboxylation increases as the number of OH 
groups in o- and /^-positions with respect to carboxyl group increases 
in a molecule. 


On heating to above 470K, it gives phenyl salicylate. 
OH OH 


O COOH 

Salicylic acid 


470K N.COOC.H. 

-* r JJ +CO l +H i O 

Phenyl salicylate 


Probably phenol obtained by decarboxylation of salicylic acid 
combines with one molecule of the acid to give phenyl salicylate. 

(cm) On heating potassium salicylate at 400K, p-hydroxybenzoic 
acid is obtained. 

OH OH OK OH 



Pot. salicylate 



COOK 


COOH 



aromatic acids 

(tap) Reduction. 
yields pimelic add. 


2*663 

On reduction with sodium and isopent&nol, It 

GH fl 



GH f 




OH Ketonintlcn 
COOH ** 


CH, 

/CH,\ 

H,0 H,C COOH 

acid H,C .CH. COOH 

NCH,/ 

Pimclic acid 


(x) Bromination. On treatment with bromine water, salicylic 
acid gives s-tribromophenol. Here the —COOH is also replaced by 
a bromine atom. This is a characteristic property of the —COOH 
group when present in position o- or p- to a hydroxyl or amino group. 


OH OH 



Mribromophenol 

(ari) Nitration . As in bromination, the — GOOH group is re¬ 
placed by a —NO f group on nitration and s-trinitrophenol is 
produced. 

OH OH 

j^^jjCOOH HNO, O.Nj^^jjNO, 

Salicylic acid NO f 

5 -trinitrophcnol 

The reason for this ready displacement of the carboxyl group by 
bromine or nitro group is not certain, but the mechanism involved 
is possibly as under : 



Uses, (i) As an antiseptic. 

(ft) As medicine for rheumatic pain. 
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(tf») For the manufacture of methyl salicylate (used in perfumery), 
aspirin and salol. 

(w) In the preparation of azo-dyes. 


1$. Methyl salicylate (o-HO.C 8 H 4 .COOCH a ).— It is the 

principal constituent of oil of wintergreen and may be prepared by 
direct esterification—by distilling salicylic acid with methanol in 
the presence of hydrogen chloride. 


y OH HCl y OH 

.__* ^«H|v + 

N CO |OH + H|OGH 3 x COOGH a 

Salicylic acid Methyl salicylate 


H a O 


It is a colourless, pleasant-smelling liquid (b.p. 295K) used in 
perfumery and as a flavouring material. It is also used in medicine : 
in rheumatism and as a remedy for sprains and bruises. 


16. Salol (phenyl salicylate), o-HOC € H 4 COOC e H 6 .— It is 

prepared by healing salicylic acid with phenol in the presence of 
phosphoryl chloride. 

yOH POClj yOH 

C«H-» C,H y 

x COOH+C 8 H ft OH — H a O x COOC 8 H # 


It is a white solid (m.p 316K) used as an internal antiseptic 

17. Aspirin, o-CH^CO.O.C^H^ COOH (acetylsalicylic 
acid). —It is prepared by acetylating salicylic acid with a mixture of 
acetic anhydride and glacial acetic acid. 

,OH CH 3 COOH+ (CHjC0)»0 /O.GOGHj 

-* C.H,' 


C.H. 




^COOH 

Salicylic acid 


s GOOH 
Aspirin 


It is a white solid (m.p. 408K) used for relieving pain. 

IS. Gallic acid (3 ; 4 : 5-Trihydroxybenzoic acid), C a H 2 (OH) s 
COOH. —Gallic acid occurs in tea and many plants, t.g , gall nuts, 
oak bark, acacia bark. Tannin (tannic acid) is a complex glucoside 
of gallic acid. Gallic acid is prepared by boiling tannin with dilute 
acids and extracting the gallic acid set free with ether. 

Properties. It forms white needle-shaped crystals (m.p. 530K) 
which readily dissolve in hot water, ethanol and ether. 

(tj Action of heat. It is decarboxylated when heated at it* 
melting point and yields 1, 2, 3-benzenetriol. 

OH OH 

+ CO, 

HO >siX GOOH “ mp ' 

Gallic acid 1, 2, 3-Benzcnetriol 
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(ii) Reducing agent. It is a powerful reducing agent and on 
this account used as photographic developer. It reduces ammonias 
cal silver nitrate solution. 

(n't) Absorbs oxygen. An alkaline solution of gallic acid absorbs 
oxygen from air and turns brown. 

(iv) With ferric chloride . An aqueous solution of gallic acid 
gives a blue-black precipitate wiih ferric chloride. On account of 
this property gallic acid i9 used in making blue-black ink. 

Uses, (») It is used in the manufacture of dyes. 

(ii) In preparing blue-black ink. 

(in) As phot >graphic developer. 

(iv) In making ], 2, 3-Benzenetriol 

19. Blue-Black Ink.—Various ingredients of blue-black ink are: 

Gallic acid 
Ferrous sulphate 
Blue dye 

Gums, etc. ...Protective agent 

Phenol (in traces) ...Preservative 

Sulphuric acid (a little) ...To retard oxidation. 

When we write with this ink on paper, the sulphuric acid present 
In the ink is neutralised by ammonia of the paper. In the absence of sulphuric 
acid ferrous sulphate is readily oxidised to ferric sulphate which gives an inten¬ 
sely black precipitate with gallic acid. In this way writing becomes intenself 
black on drying. 

20. The ortho-effect. —It has been found that the properties 
of ortho compounds usually differ from those of the corresponding 
meta- and para-isomers. For example, 

(#) Aminopentamethylbenzenr gives little or no quaternary 
ammonium compound when heated with methyl iodide. 

(it) Benzaldehyde reacts with aniline to form an anil but not 
with tf-tribromoaniline. 

(in) Ben/oic acid and o-substituted benzoic acid form methyl 
esters with methanol and hydrogen chloride but under the same 
conditions di- ortho-substituted benzoic acid fail to form methyl 
esters. 


Victor Meyer (1894) explained these abnormal obseivations as 
due to steric hindrance. According to him groups present in the 
art ho-position mechanically interfered in the reactions of —NH lP 
—CHO or —GOOH gr° u P tending to shield it fiom the attacking 

recent. 


It has been observed that mesitylacetic acid (I) undergoes 
esterification readily but mesitoic acid (II) does not at all undergo 
esterification 


GOOH 


CH, 

H . c r^V H . 

CH, 

(I) Mesitylacetic acid 


COOH 

H ,Q CH s 


CH, 

(II) Mesitoic acid 
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This is explained by saying that —COOH group in mesityl- 
acetic acid being away from the ring is not shielded by —CH a 
groups in the oitho-positions as in meaitoic acid. 

As a result of his experiments on esterification of substituted 
benzoic acids, Kellas (1897) found that~- 

(i) Rates of esterification were in the order : 
m-isomer > p-isomer > o-isomer. 

On the basis or steric hindrance (a purely spatial effect), rates of 
esterification of m- and p-isomers should have been the same. 

(it) Presence of nitro group hindered esterification more than 
the presence of iodine atom. Nitro group being smaller in size than 
iodine atom should interfere less in terms of steric hindrance. 

At present it is felt that such abnormalities cannot be explain¬ 
ed by mechanical interference alone. In addition to the spatial factor, 
the polar influence of the substituents and other factors (chelation 
and steric inhibition of resonance) play a prominent part in these 
reactions. 

The term steric hindrance to denote a spatial effect is, there* 
fore, misleading. Chemists prefer to term it as the proximity effect. 
The ortho-effect is a special case of the proximity effect being used 
only in the case of nuclear substituents. The term steric hindrance 
is, however, still being used to denote the proximity effect. 
MONOBASIC ACIDS WITH THE CARBOXYL GROUP IN THE SIDE-CHAIN 

21. Phenylacetic acid (t *-Toluic acid), G 0 H^CH S COOH.— It 
is a typical acid with carboxyl group in the side-chain and is isomeric 
with toluic acids. It occurs in certain esters. 

Preparation, (i) From benzyl chloride . 

KCN H.O 

C*H 6 CH b C] -► C«H 6 CH,CN-► C e H*CH t COOH 

Benzyl chloride Phenylaccto* H,SC>4 Phenylacetic acid 

nitrile 

(it) By reducing rnandelonitrile with hydriodic acid and red phos¬ 
phorus. 

Hi/red P 

C«H 8 CH(OH)CN-* C 8 H 6 CH|COOH 

Mcndelonltrile 

Properties. It is a white crystalline solid (m.p. 350K) having 
an unpleasant smell. It is soluble in hot water. Due to the presence 
of two tx-hydrogen atoms, it is reactive both in the side-chain as well 
as in the nucleus. For example, 

(») On chlorination in the cold and in the presence of halogen 
carrier substitution occurs in the nucleus and o- and p-substitution 
products are obtained. 

(ii) On chlorination at the boiling point and in the absence of 
halogen carrier side^chain substitution products are obtained by 
replacement of a-hydrogen atoms (r/. chlorination of toluene, page 
2483). 



(til) It i« a stronger add as compared with acetic add* Hus is 
due to electron withdrawing character of phenyl group. 

(tv) On oxidation with chromic acid it givea benzoic add. 
Isomeric toluic adds are oxidised to phthalic acids. 

22. Mandelic acid C,H 6 CHOH.COOH. (Phenylglycollk 
acid ).—Amygdalin present in bitter almonds is a glucoside of 
mynrielic acid. 

Preparation, (i) By regulated hydrolysis of amygdalin. {See 
page 2'627). 

(it) By adding a saturated NaH80 t solution to a mixture oj 
benzaldehydr and aqueous sodium cyanide. 

NuHSOg yOH NaCN /OH 

CJI^CHO-* C,H,CHQ -> C,H S CH< 

Beozaldehyde Bisulphite ^SOjNa N CN 

compound 2-Hydroxv-2- 

of benzaldebyde phenylacetonitrile 

H,0 /OH 

C,H,CH< 

HC1 VOOH 

Mandelic acid 


Properties. Il is a white crystalline solid moderately soluble 
in water. It is optically active and behaves as a hvdroxy-atid. The 
acid (m p. 406K) is obtained from amygdalin. Synthetically prepared 
acid is ( I )-variety (m.p. 2^1 K). It forms benzoic acid on vigorous 
oxidation. While on reduction with hydriodic acid, it gives phenyl- 
acetic arid. Mandelic acid finds use as an internal antis *ptic. 


23 Cinnamic acid 0^01=011.00011, (^-Phenylacrylic 
acid). —Due to the presence of a double bond it exhibits geometrical 
isomerism. The two forms are : 


C 6 H 6 -C-H 




II 

H—C—GOOH 

<Transform ) 
Cinnamic acid) 


II 

HOOC—C—H 
(Cis form) 
Allocinnamic acid 


The trails variety is termed cinnamic acid and is the form which 
occurs in nature free and as esters in balsams and resins. The ois 
variety is called allocinnamic acid . 

Preparation. Cinnamic acid may be prepared : 

(i') By heating benzaldehyde with acetic anhydride in presence of 
sodium acetate {Perkin's reaction). 

CHaCOONa 

C a H 5 CH^O+(CH a CO) a O-► C e H*CH-CH.COOH 

(n) By the action of malonic acid in ethanolic ammonia on benn 
aldehyde in presence of pyridine, (Knoevenagel reaction) 

NH a /C 2 H 6 OH 

C 6 H a CH=0+CH a (C00H) a -^C 9 H v GH»Cii.COOH 

heat Cinnamic acid 
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(fft) By condensation of benzdaleJtyde and ethyl acetate in presence 
of sodium eth oxide (Claisen condensation). 


CjHftONa 

C t H B CH s=r O+CHjCOOCf H 6 -►C 8 H B .CH«CH.COOC i H l 

H*0 

C B H s CH==CH.COOH+C 1 H i OH 


acid 

Manufacture. It is, however, manufactured : 

' (»} By heating benzylidene chloride with sodium acetate followed by 
acidification, 

_ Heat 

C B H 6 CHC1 2 -f H ? |CH.COONa-* 

- —2HC1 

Acidify 


C*H 6 CH=CHCOONa 

Sod. cinnamate 


C 8 H 8 CH-GH.COOH 

Cinnamic acid 


(ft) By oxidising benzylideneacetone with alkaline sodium hypos 
chlorite (cf. Haloform reaction in which acetone gives sodium 
acetate). 

NaCIO 

C 0 HbCH *s GH. COCHj -> C 8 H 6 GH=CHCOOH 

Benzylideneacetone Oxidation Cinnamic acid 

Properties. It is a white crystalline solid (m.p. 406K) with a 
sharp odour. It is very slightly soluble in water. Its rcacti >ns arc 
those of an af}-unsaturated acid and of the benzene nucleus. For 
example : 

(t) Reduction On reduction with sodium amalgam and water 
it gives P-Phenylpropionic acid. 

Na/Hg 

C fl H & GH-CH.C:OOH-► C B H B CH a .CH 2 ,COOlX 

H a O fJ-Phenylpropiomc acid 

(w) Oxidation. On oxidation with chromic acid, it gives a 
mixture of benzaldehyde and benzoic acid. 

[OJ 

C a II B CH--CII COOH-- C a Il*CHO + C fl H B COOH 

Benzaldehyde Benzoic acid 

(m) Nitration. With concentrated nitric acid it undergoes 
nitration to give o- and ^-nitrocinnamic ac;ds. fhe isomer pre¬ 
dominate* in the mixture, 

CH-CII COOH CH=CH.COOH CH-CHCOOH 



NO| 

-n it roc innamic acid p-nitrocinnamic acid 

(tv) Decarboxylation, When healed for some time just above 
itsmelting point or when distilled with soda-lime it forms styrene. 

C,H,.CH=CH|COONa + NaO|H —► C.H.CH—CH.+Na.CO 

Sod. cinnamate Styrene 
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24. Coumarm. —It may be obtained from salicylaldehydc by 
Perkin’s reaction. 


H.O 

acid 



Coumarinic acid 
(o- hydroxy allocinnamic acid ) 
( Unstable) 


Coumarin 
(Y-lactone of 
coumarinic acid) 


It is a white crystalline solid (m.p. 34OK). It is a natural perfume 
and is used as an artificial flavour. It changes into coumaric add 
(o-hydroxy cinnamic acid), when heated with sodium ethoxide. 


25. Phthalic acid (1, 2-Benzenedicarboxylic acid), 

G,H,(COOH) a . 


Preparation, (t) In the laboratory , phthalic acid may be 
prepared by the oxidation of o -xylene or o-toluic acid. Dilute nitric 
acid or permanganate is used as the oxidising agent. Chromic add 
cannot be used as with it the ring gets ruptured. 


O CH, 
CH 3 

o-Xylene 


o r^>|CooH o r^>|cn, 
•'“* UcOOH - ~ IlcOOH 

Phthalic acid e-Toluic acid 


(*7) In commerce , phthalic acid was formerly prepared by the 
oxidation * of naphthalene (G ]0 H 8 ) with fuming sulphuric acid at 
570K. in presence of a little mercury or mercuric sulphate [catalyst). 
This method is almost obsolete today. It is now manufactured by 
passing vapours of naphthalene with excess of air over heated vana¬ 
dium pentoxide (67t)K). The anhydride that distils over is boiled 
with alkab and then acidified to get free acid. Some maleic acid is 
also obtained as a by-product. 



o I^JjCOOH —H.O 


JGOOH 

Phthalic acid 



CO' 

Phthalic anhydride 


NaOH 


\f) - 



iCOONa HCI f^^lCOOH 


COONa 




COOH 


Recent method for the manufacture of phthalic acid is by cata* 
lytic oxidation of 0 -xylene obtained from petroleum. 
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ft up MiJ M : Physical. It i( a colourless crystalline substance 
(m.p. 457K) soluble in water and organic solvents. 

Chemical. Phthalic acid is a dibasic add and gives the 
usual reactions of two —COOH groups. 

(•) Action of Heat. On heating it loses water to give phthalic 
anhydride (m. p. 504K). 


COOH —H,0 


^ycooH 

Phthalic acid 


: Uco> 

Phthalic anhydride 


(tf) Heating with Soda.lime. On heating with soda-lime, it 
give* benzene. 


Q COOH 

COOH 
Phthalic acid 


+ 2CaO — 


| + 2CaCO, 


Phthalic acid Benzene 

WO Neutralization. With alkalis, e.g , sodium hydroxide, it 
forms two series of salts—mono and disodium salts. 

.COOH NaOH >COONa NaOH XOONa 

c.h 4 <; -► C f H 4 ( -► C f H/ 

x COOH N COOH x COONa 

Phthalic acid Mono-sodium Disodium 

phthalate phthalate 

(w) Esterification, With alcohols it gives two series of esteis 
— acid and normal esters. 


.COOH 

C.H./ 

x COOH 
Phthalic acid 


>COOC,H a 

c.h,<; 

N COOH 
Monoethyl phthalate 


-►C.H.' 


,COOC,H, 


N COOC,H, 
Diethyl phthalate 
(normaI ester) 


(t) With Phosphorus Penta chloride it gives the acid 
chloride (phthaloyl chloride). 

.COOH .COC1 

C.H.f + 2PC1,-► C.H,' +2POC1.+2HCI 

N COOH \coci 

Phthaloyl chloride 
or phthalylchloride 

(w) Heat with Ammonia When heated with ammonia it 
gives phthalimide. 


, CO OH 
CO OH 


CO 

f H, NH -► C»h/ ^NH-(211,0 

Nnn/ 


(en) Reduction On reduction with sodium amalgam it gives 
dK tetra- and hcxahydrophtbaiic acids. 



AROMATIC acids 


2^71 


(wUi) Meramdon. Phtljalic add is mercurated by fusing it 
with mercuric acetate or mercuric phthalate till mercuration 


occurs. 


I^^coo, 


l^coo/ Hg Oh 8 > 0+C °' 

Uses. In the manufacture of plastics, dyes, e.g., indigo, cosine* 
fluorescein and other compounds. 


26. 


/ CO \ 

Phthalic anhydride, ;0. 

NXK 


Preparation. It is prepared industrially by the oxidation of 
naphthalene or o-xylene as given above. 

Properties. It is a white solid (m.p, 40IK) almost insoluble 
in cold water. 

(i) Hydrolysis. It is slowly hydrolysed by hot water but 
rapidly by alkalis or acids. 



CO 


\ 


O + H.O — 


O COOH 
COOH 


Jco/ 

Phthalic anhydride Phlhalic acid 

(tt) Esterification . With alcohols and glycols it gives half esters^ 

r^>,co v ^Xgooc.h, 

>0+C t H 6 0H-» 

J Co/ l <v^ l COOH 

Phthalic anhydride Ethyl acid phthalate 

With excess of alcohol in presence of sulphuric acid half esters 
can be converted into normal esters. 

(tft) When heated with dry ammonia under pressure at about 
470K, phthalimide is obtained. 



/C° x 

c, h <co>°+n h . — 

Phthalic anhydride 


C,H | /^°^>NH+H 1 0 (90%) 

Phthalimide 


(w) Formation of acid chloride . Phthalic anhydride reacts with 
PCI* to give phthaloyl chloride which exists in two forms I and II. 


^ ru 

kv^coci 


,ccv 

;° 
co / 


1-Symmetrical Il-Unsymmetrical 

Two forms of phthaloyl or phthalyl chloride. 

The symmetrical form changes into the unsymmetrical form 
when heated with A1G1,. Derivatives of both of them are known 
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but those of II are most important and very interesting. Turn of 
these are phthalide and phthalophenone. 


Phthalide 


(C,Hj) t C—O 



Phthalophenone 


( v) On nitration, it gives a mixture of 3-and 4-nitrophthalic 
acids. These on reduction give the corresponding aminophthalic 
adds which lose CO a to yield m-aminobcnzoic acid. 

NH, NH, 

'iCOOH —CO, • ~CO, NHjj^^NCOOH 

!OOH * JJcOOH JJcOOH 

3-Amino- m-Amino- 4-Amino- 

phthalic acid benzoic acid phthalic acid 

Here we find that in cither case —COOH group o« or p* to the 
— NH f group is lost. 

(vi) Condensation unth aromatic hydrocarbons. It is a typical 
Friedel-Crafts reaction. It condenses with benzene in the presence 
of AlCl a to give anthraquinone. 



o-Benzoylbenzoic acid Anthraquinone 


(vu) Condcnsahoft inth phenols* When heated with phenol and 
a dfop of concentrated sulphuric acid, phthalic anhydride gives 
phenol ohthalein p a g e 2‘o09). 

Similarly with 1, 3-berizencdiol it condenses to give fluorescein. 

Uses. Phthalic anhydride is used in the manufacture of— 

(*) # Alkyl phthalates used as plasticizers. Dimethyl phthalate 
(DMP) is an insect repellant. 


(ii) Polyester resins, e.g., glyptal (from glycerol and phthalic 
anhydride). 

(m) Anthraquinone and its derivatives which are used in the 
synthesis of dyes. 

(tv) Miscellaneous compounds like benzoic acid, phthalimide, 
phenolphthalein, fluorescein, etc. 
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Phthalimide, C,H 4 (^ ^NH.—It may be obtained by 

N CO / 

heating phthalic anhydride with dry ammonia under pressure at 
about 470K- 

CO CO 

CgH^^^O+NH,-v C6 H/ co >NH + H,0 (90%) 

It ia a white solid, weakly acidic in character, t.g„ with alco¬ 
holic potash it forms potassio-phthalimide. 

C,H,/ co \NH+KOH-►C.H./^^NK+H.O (68%) 

If forms phthalic acid when hydrolysed with warm aqueous 
alkali. 

On oxidation with alkaline sodium hypochlorite, phthalimide 
gives anthranilic acid. 

NaCIO 




co/ 

Phthalimide 

O GOONa 

NH, 

Anihranilic acid 

It is used in Gabrieles synthesis of primary amines and in 
the preparation of an anthranilic acid, etc. 

28. Acidity of Aromatic Acids. —An aromatic acid 
ArCOOH ionizes as follows : 

ArCOOH + II 2 0 ^ ArCOO' + H a O+ 

The equilibrium constant for the system is termed ionization 
constant, K* of the acid and is a measure of its acidity. 

= fArCOO ] rH a O^] 

[ArCOOH] 

Water being present in largr excess, [II 2 0] remains constant 
and is omitted. Ka values of some acids are given below. These 
will help us to know the relative acidity of various acids. 


Table 44' 1—Comparison of Acidities of some aromatic acids 


Acid 

K* 

at 298K 

Acid 

at 298K 

Benzoic acid 

6-46 xlO- 5 

p-N itrobcnzoic acid 

3 9 v10-* 

p-Toluic acid 

4-33 xlO" 6 

m-Nitrobcnzoic acid 

3-2X10-* 

m-Toluic ac id 

5*4 x 10' * 

o-Nitroberizoic acid 

6'7 x NT 1 

o-Toluic acid 

12*4x10“ 6 

P-Hydroxybenzoic acid 

2-6 xlO'* 

p-Chlorobenzoic acid 

10-4x10*-* 

w-Hydroxybenzoic acid 

8 3x10-* 

m-Chlorobenzoic acid 

15-1 x!0~ 4 

0 -Hydroxybenzoic acid 

10-5x10'* 

*>-Chiorobenzoic acid 

10*2xl0~« 

! 

V. 
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Effect of Substituents on Acidity. As discussed on page 
2'229, an electron-withdrawing substituent increases the acidity of 
a carboxylic acid and an electron-releasing substituent decreases it. 

Tn aliphatic acids the acid-strengthening effect of electron- 
withdrawing substituents is primarily due to their inductive effect 
which decreases as the distance of the substituent from the carboxyl 
group increases. For example, a-chloropropionic acid is stronger 
than p-chloropropionic acid 


CH,—CH.COOH 


CH,—CH,.COOH 


K„: 


Cl 

1 47x10-* 


Cl 

1 3x 10-* 


Electron-withdrawing groups increase the acidity of aliphatic 
acids since these stabilise the negatively charged carboxylate ion by 
dispersal of its charge. 

Cl O Cl O 


+ 1 + I! .. 

CI-*-C—C—OH + H.O ^ Cl -t- C—C—Or + H.O' 

■ I 


Carboxylate ion stabilised by 
dispersal of charge 

Similarly electron-withdrawing substituents increase the acidity 
of aromatic acids also. For example, both p-nitrobenzoic acid and 
p-chlorobenzoic acid are stronger than benzoic acid. 



COOH 


ih 



COOH 


> 



coon 


K a : 3-93x 10-* 1 04x10-* 6‘46xl0-‘ 

p-nitrobenzoic acid is stronger than p-cliloro benzoic acid 
because with p-nitro group, inductive as well as resonance effects arc 
important in stabilizing the carboxylate ion. 



RwMwee structures for the p-n ifrrt m wtc foa 
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Thus we find that while considering the effect of substituents 
on aromatic carboxylic acids* we must take into account their in¬ 
ductive as well as resonance effects- In jo-nitrobcnzoic acid the 
nitro group exerts electron-withdrawing inductive effect as well as 
electron-withdrawing resonance effect. 

From Tabic 44*1, we learn that p-nitrobenzoic acid 
(K«—3*9X 10”*) is stronger than m-nitrobenzoic acid (K a =3*2X 10~ 4 ). 
This is because by resonance effect the nitro group withdraws elec¬ 
trons from ortho-para positions and not from meta position. Thus in 
the case of m-nitrobenzoic acid increase in acidity is only due to 
electron-withdrawing inductive effect of nitro group. It is, there¬ 
fore, a weaker acid compared to p-nitrobenzoic acid. 

To summarise, the. nitro group exerts greater clectron-withdretw- 
ing effect when present in ortho-para positions. This explains why o- 
and p-nitrobenzoic acid are stronger than m-nitrobenzoic acid which 
is, of course, stronger than benzoic acid. 


In the case of hydroxybrnzoic acids, the OH group exerts an 
electron-withdrawing inductive effect and, therefore, tends to 
decrease the electron density at all positions. 


However, due to its resonance effects it tends to increase the 
electron density at ortho and para positions while the meta position 
remains almost unaffected. Thus we find there is decrease in elec¬ 
tron density at all positions due to inductive effect but increase in 
electron density at ortho and ynra positions due to resonance effect. 
The resonance effect being stronger as compared to inductive effect 
there is net increase in electron density at ortho and para positions. 
p-Hydroxybenzoic acids is, therefore, weaker than benzoic acid. 


There is net decrease in electron density at meta position due 
to electron-withdrawing inductive effect of OH group. w-Hydroxy- 
benzoic acid is, therefore, stronger than benzoic acid. * 


Based on the explanation given above o-hydroxybenzoic acid 
should be weaker than benzoic acid but is actually the strongest 
among benzoic acid and three hydroxybenzoic acids. Further 
practically all groups when present in ortho position to COOH 
group increase its acidity. This anomalous behaviour of groups 
when present in ortho position is termed as ortho effect (see page 


A. Essay Type : 


QUESTIONS 


1. («) What are the different method* for introducing 
into a benzene nucleus 7 Givi important properties of benzoic 
the term bcnznylation. 


a carboxyl group 
acid and explain 


(b) How will you prepare from Benzoic acid— 

(«) o-Toluic acid ; (6) Salicylic acid ; 

(«) Saccharin ? (Delhi B.Se. 1972) 

1. Hoar hi beoaoic acid pmpatad oa a technical Male ? Give its K*«or- 
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3. Describe the preparation of cinnamic acid. Givi- it« properties and 
uses, How would you distinguish between cinnamic acid ate oe.^oic acid 7 

i/Jovj shunt or B.Sc. 1972) 

4. Describe the preparation of cinnamic acid, uivc ut> properties and 

uses. How would you show that — COOH is not attached to the nucleus and it 
has an unsaturated > side-chain. How would you obtain (/) Bcnzaldehydc 
(ff) Styrene from it (Rajasthan B.Sc . 1970) 

5. Give two methods for the synthesis of salicylic acid. What happens 
when salicylic acid is treated with : 

(a) Soda lime, (b) Neutral ferric chloride solution. 

(c) Meth>l alcohol with a little H*S0 4 , 

(d) Acetic anhydride with sodium acetate. 

What are the uses of salicylic acid ? (Nagpur B Sc. 1973) 

6. How is salicylic acid prepared from phenol 7 How can salicylic acid 
be convened into [a) phenol, (b) benzoic acid, (c) benzene, id) aspirin, 
(*) Salol, (/) Benzoic acid, (g) Tnbiomophenol. 

(Delhi B.Sc. lions Sub. 1977 ; Delhi R Sc 19”6) 

7. How will you distinguish between— 

(a) Salicylic acid ?nd ben/oic acid ; 

(b) Salicylic acid and phenol 7 

B. How is cinnamic acid prepared 7 Give two examples of the general 
nature of the reactions involved in its formation. By what chemical tests would 
you distinguish benzoic acid, cinnamic acid and salicylic acid ? 

(Bov i Shankar B.Sc. 1972 ; Bombay 1975) 

9. (a) How is phlhalic acid prepared 7 Mention its important properties 

and uses. 

(b) How are anthranilic acid and phenolphthalein obtained from it 7 

(Delhi B.Sc. 19?'' ; Agra 19*3) 

10. How will you prepare the following : 

(a) Benzoic acid from (/) bromobenzene ; (i7) phosgene ; (ji 7) benzyl bro¬ 
mide. 

(b) p-Nitrobcnzoic acid from toluene. (c) 2, 3-Dihydroxylbenzoic acid 

fcf> m-Nitrocinnamic acid. (e) o-Benzoylbenzoic acid. 

11. How will you distinguish between the following : 

(a) Phthahc acid and terephthalic acid, 

(b) Mandelic acid and o-hydroxyphcnylacetic acid. 

(c) p-Chlorobenzoic acid and benzoyl chloride. 

( d) Benzoic acid. /?-amino-benzoic acid and benzamidr. 

12. (a) Write in detailed equations the method you will use for the pre¬ 
paration ot benzoic acid by starling from the following * 

(i) Benz>I alcohol, (It) Toluene, (lii) Aniline, (iV) Pheylmignesium 
bromide 

(b) What reactions does it undergo with the following : 
li) PCI,, the product treated with H,/Pd-BaSD 4 

f//) PC1 a . the product treated with aniline, 

(iii) Eihyl alcohol/H f , the product treated with LiALH, ? 

(Delhi B Sc. 1979 Supp ) 

B Short Answer Type : 

1. Give one method of preparation for each of the following ■ 

(o) Benzoic acid (fc) Cinnamic acid 

(c) Salicylic acid. (d) Phthahc acid, 

2. What happens when : 

Benzoic acid is distilled with acetic anhydride ; 

(b) Salicylic acid is treated with phosphorus pcntachlondc ; 

(c) Cinnamic acid is treated with chromic acid ; and 

(if) Phthahc acid is heated with ammonia ? (Kerala B.Sc . 1972 ) 

3. Give a brief account of the chemistry of salicylic acid. 

(Sri Venkateshwdra B.Sc. 1972) 

4. What happens when benzoic acid is nitrated ? 

(Delhi B.Sc. Hons. Sub. 1977) 
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5. How will you convert phthalic acid into : 

(0 anthranilic acid, (//) benzoic acid and (if/) fluorescein ? 

(Agra B.Sc. 2Z73) 

6. Give the mechanism of Kolbe~5chmiU reaction. 

7« Assign reasons for the observation that mesitylenic acid undergoes 
aflnrlfltstin readily whereas mositoic acid does not at all undergo esterification, 

B. How is coumarin obtained from salicylic acid 7 

9. How is salicylic acid obtained from phenol ? 

How will you convert this acid into ; 

(0 Benzene, (If) 2,4,6-Tribromophenol, 

(ftt) Benzoic acid and (fr) Acetylsalicylic acid ? 

(Kuruksheira B.Sc. 1977 Supp.i 

10. Give the reactions involved and name the products formed wh$n 

cinnamic acid is (0 heated, (//) catalyttcally hydrogenated, (iii) treated with 
potassium permanganate and (Jv) nitrated. ( Delhi B.Sc . 1977 SuppT) 

11. Arrange in the decreasing order of acidity in the following sets and 
explain your choice of the order in each case. 

(а) e-chloroprop ionic acid, p-chloro propionic acid and propionic acid. 

(б) p-nitrobenzoic acid, p-chlorobrnzotc acid and benzoic acid 

(c) p-chlorobenzoic acid, m-chlorobenzoic acid and benzoic acid 

(d) p-hydroxybenzoic acid, m-hydroxybcnzoic acid and benzoic acid 
<e) p-mtrobenzoic acid, m-Qitrobcnzoic acid and benzoic acid. 


12 . 

Stronger : 


(0 


(f0 


Which acid of each pair in the 



following would you expect to be 

or V w -COOH 

or CH,- COOH 


13. When excess of CO, is passed into a solution of sodium benzoate and 
•odium 4-mctbyl|>bcnoxidc in aqueous sodium hydroxide, 4-me thy 1-phenol 
separates as an oily liquid while sodium benzoate remains m solution. Explain. 


14. Explain how you would separate a mixture of benzoic acid, p-cresol 
and cyclohexanol. You are provided with the following reagents: aq NaOH, 
aq HC1, ether and CO,. 

C. Problems : 


1. A substance A shows the following % composition : C«70*6 H— 
5*87% and 0«23*53%. Its vapour density is 68 . When treated with PCla and 
subsequently with NH Jb A gives a substance B. When reacted with Br B and KOH, 
B forms a base C which on diazotisation and boiling with waicr gives 2 -methyl* 
^mzenol. What are A, B and C 7 Explain the reactions. 

I. An organic diabasic acid A gave on analysis: 

C—57*8%, H-»3*6%. Its silver salt contained 56*8% Ag. On heating (A) 
|*vei a product (B) C 9 H 4 O 3 which reacts with amtn. carbonate to give (C) 
CsH«CltR Compound (C) forms potassium salt with ale. KOH and is converted 
into a-aminobenzoic acid with NaClO. Assign structure to A, B and C. 

4. An organic compound (A) containing 72% carbon and 6*67% hydro¬ 
gen was refluxed with potassium hydroxide solution till the oily layer disappeared 
completely. The mixture was then distilled and the distillate gave the iodoform 
test. On acidification with hydrochloric acid the residue gave a white precipitate 
(B). Hie compound (B) contained 68*85% carbon and 4 92% hydrogen. The 
molecular weight of A is 150. 

*. k Ftoni the above data and reactions, indicate the nature of the compounds 
(A) and (B)and name them. 
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M. nm. (a)—(0 CeHgBr—rCeHeMgBr —► CgHeCOOH. 

(IT) CA<fC0Cli (cwwH’AICIi—► followed by hydr o ly elc. 

(IW) Oxidation with KMnO«. 

(J>) Nitration—Separation of o- and p~dariv. by fractional dletWai 
i ofp-isomer. 

(c) 1,2-BenzenedioH-OQt+alkaB—foli o w adis j h ydioi y ri i . 
Nitration 

(rf) QHaCHO-Nltro-derfv.-► with acet 

and. acetate {Perkin's reaction). 

(a) CaHa+phthalic anhydiide+AlCI*. 

tl. Htab: (a) Pbthalic acid gives an anhydride, the other does not. 
(t) Hie latter acid gives tests of a phenol and is bromine ted with 


(c) The former dissolves in NaHCOi solution with effervescence. The 
latter reacts with AgNOs on standing to give white ppt. of AgQ. 

(d) The first is acidic, the second is amphoteric, while the third |e 


Cpl. 



Cc- 0 >— 0 > 


Pbthalic acid 
(A) 


Pbthalic 
anhydride (B) 


Phtbalimlde 

(C) 


ale. KOH f^^COOK NaaO A 

l s s^_jJcONHs addify^l^s^JjNHs 

Potassium salt e-Aminobenzoic 


0, (A) is ethyl benzoate, C#H jCOOCjH* j 
(B) Is benzoic acid, CfcHiCOOH. 


KOH 


_ CsH,COOC,Hg 
Ethyl benzoate reflux 


* CsHjCOOK + 


(Residue) pistil 


4HCI 
C,H,COOH 
Benzoic acid 
*■> 


CsHtOH 
Distils m 


and gives 
Iodoform 
reaction 
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Naphthalene and its Derivatives 




1. Introductory. —Condensed nuclear compounds are com¬ 
pounds in which two or more carbon atoms are shared in common by 
two or more aromatic rings. Common examples of this type m 
compounds arc naphthalene, anthracene, and phenanthrene and their 
derivatives. In naphthalene two carbon atoms are shared in common 
by two benzrne rings as shown below : 


H H 
C C 



Naphthalene 

Napthalene is a resonance hybrid of mainly the following three 
resonating structures : 



I II III 


The resonance hybrid structure of naphthalene is represented 
Tor the sake of convenience by two regular hexagons 
joined together and each containing a circle as given 
in the margin. This means a resonance hybrid of I 

to in. 



In anthracene three benzene rings are fused together. 


H H H 

h/VV%h 

„L c 

W 

H 

Anthracene 


G CH 
H H 



Anthracene is a resonance hybrid of the following resonating 
structures : 


3T 
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He resonance hybrid structure of anthracene is represented 
for the sake of convenience by three regular 
hexagons joined together and each contain¬ 
ing a circle as given in the margin. This 
represents anthracene as a resonance hybrid 
of I to IV. 



It may be noted that for a polynuclear hydrocarbon rontainmg 
a benzene rings fused together in a linear manner, ihnc are (r? + l) 
canonical forms ot the resonance hybrid. Thus naphthalene with 
two benzene rings fusrd together has 3 icsonatms strurluies and (or 
anthracene with three btn/cne rings fused together time ate four 
resonating stru< lure s. 

Substituting univcient groups derived fiom naphtl aicne, 
rnthractiiL and phenunlhiene ra called napl thyl, anduyl and 
phenantliyl respeclneiv. The carbon atom luring fiec bond is 
given the low t t po > siblc number t oivustu.T villi fped nun hern g 
ol the hvdiocarbon. lor example. 


I 



naphihalinf 

2 Nomenclature and Isomerism of Naphthalene Deri- 
vativea.— The carbon atom" o( the two rn*g* constituting die rr >1 e- 
cule of naphthalene are numbered as given below and the position ot 
various subtiluents is indicated by these number. 

It will be c T cai irom the formulae gw en be Jc w thet the prm*ion 
1, 4„ 3, 8, ire equivalent due to symmetry of the molecule and arc 

8 1 w a 



3 4 y Or 


denoted t>y a. Similarly positions ?„ 3, 6 and 7 an denotidbyp 
Thus there are two isometic mono-substmited (?, (s) naphtha lent & 
Di-substitution products aie known as ortho , rneta and para like 
benzene derivatives when two substituents arc present in the same 
rlrg. 1 : 8 or 4 : 5 position is called yCM-position , it r also tnzned 
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«ot r disubstitution product. 2 : 6 or 2 : 7 position is called ampki- 
ponition ; it is also termed 'disubstitution product. 

Derivatives of naphthalene show isomerism. Number of powi* 
tie isomers in mono-, di** and trisubstitution product is given below : 


/Substituted 
nnphthahne 
C x oH 7 X (mono) 


C 10 H fl X a (Di-) 


and so on 


No. of 
isomer 9 
2 

10 


Names 

1 or * ; 2 or p. 

P. 2 ; 1, 3 ; 1, 4 ; 1. 5 ; 
i 1, 6 ; 1, 7 ; 1. a ; 2, 3 | 
12 , 6 ; 2 . 7 . 


Thus two mono-, ten di- and fourteen trisubstituted naphtha- 
lencs are possible. The number of di- and rrisubstitution products 
increases to 14 and 81 respectively when the substituents are different 

3 Manufacture of Naphthalene.—Naphthalene, C 10 H, is 
the largest smglc constituent of coal-tar. It constitutes about 6-10% 
of coal-tar and is present in the middle oil fraction of coal-tar distil¬ 
lation On allowing middle oil to cool, major portion of naph¬ 
thalene crystallizes out and is separated by centrifugation or by 
pressing out the oil in a hyd r aulic press. The crystals are washed 
with hot water and with aqueous sodium hydroxide in a centrifugal 
machine to remove ac* } '•ring oil and phenols. It is then washed with a 
little mnccn^a^d sulphuric acid which removes the basic impurities. 
Crude naphthilene u purified by sublimation. For further purifica¬ 
tion it rmy be recrystallizcd from petroleum ether The modern 
tendency, howver, is to replace the ‘hot-pressing process' by an- 
othrr involving continuous washing or distillation. 


It is interesting to note that naphthalene docs not occur in low 
tempeiature carbonisation tar 

At prrsrnt naphthalene is also being obtained synthetically 
1J oi*i pi troleurn by pis ing petroleum fractions over a heated cata- 
ly-r (i q , copper) at 9j0X uridu: atmosphmc pi ess ire. A mixture 
oi luipiitb ilen' and metliylnaphtlialerie is obtained. The latter is 
convci ted i.U » n lphth dene l.y hydro-dealkylation (by heating 
with hydioi*' v uiid'T pressure in presents of a metal oxide catalyst). 

4 Properties of Naphthalene. 

Physical. It crystallizes as colourless iu«trous plates (m.p. 
35310 having a strong characteristic odour. It is very volatile and 
readily sublimes on heating. It is insoluble in water but very 
soluble in ether, benzene and hot alcohol. 

Chemical. Chemically naphthalene resembles benzene In 
many of its reactions It is, however, more reactive and forms subs¬ 
titution products more readily than benzene. It is found to be some* 
what less aromatic than benzene. For example, like alkenes, it forms 
addition products readily than does benzene. But as soon as one of 
the rings is saturated (by addition of hydrogen or halogens) or destroy¬ 
ed by oxidation, the second ring is as stable as benzene ring. 
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This is explained in the light of its resonance energy. Resonance 
energy of benzene is 150*6 kj mol* 1 . Naphthalene with two benzene 
rings can be expected to have resonance energy close to 351 '2(2 X 150*6) 
mol" 1 . Its resonance energy is actually 255'2 1J mol* 1 ! i.e. v each 
nng in naphthalene has a resonance energy of 127*6 kj mol" 1 . Conse¬ 
quently naphthalene has less aromatic character than benzene and 
is 0 therefore, more reactive. 

Important reactions of naphthalene are : 

ADDITION REACTIONS 

(1) Addition of Hydrogen. Naphthalene gives a number of 
reduction products depending upon the nature of the reducing agent. 

Par example. 


(0 With sodium and alcohol it gives 1, 4- dihydronaphthalene 
(l f 4-dialin, m.p. 290K). 



e- ; H + 


Naphthalene 



1, 4-Dialin 


(m) With sodium and iaopentanol it gives I, 2, 3, 4-tetrahydrc- 
napbthalene (tetralin, b.p. 479-48IK), 



H, 

Tetrahn 


(••) On catalytic reduction using nickr] it gives decahydronapli- 
thalene (decalin). H 



(2) Addition of Chlorine. Solid naphthalene reacts wilh dry 
chlorine lo give addition products—naphthalene di- and tetra-chlo¬ 
rides, C ]0 H ft Cl v and C 10 HsCl 4 . Both of them give phlhalic acid on 
oxidation. This shows that the halogen atoms are present in the same 
ring. 

On heating naphthalene dichloride to 310K it loses one molecule 
of hydrogen chloride and we get 1 -chloronaphthalene. Naphthalene 
tetrachloride on treatment with alkali gives di chloronaphthalene 
(mainly 1 , 3-isomer). 
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Ck 


Cjjtua. 

tetrachloride 



I 

NaOH i —2HQ 
Cl 






l-dUoro-naphthalene 



_ ^ 

I, 3>dichlorooaph(halene 


(3) Addition of Sodium. With sodium it gives 1, 4-di- 
sodionaphthalene which reacts with carbon dioxide to form the 
sodium salt of 1, 4-dihydronaphthalene-1, 4-dicarboxylic acid. 


H Na 


H COONa 


co~ 05-05 

H Na H COONa 


1, 4-disodio- Sod. salt of 1, 4-dihydro- 

naphthalene naphthalene-], 4-dlcar- 

boxylic acid 


ELECTROPHILIC SUBSTITUTION REACTIONS 


(4) Halogenation. On bromlnacion in boiling carbon tetra¬ 
chloride solution, naphthalene gives l-bromonaphthalene. On farther 
bromination it gives mainly the 1 : 4-dibromonaphthalene with a little 
of 1 : 2-derivative. 


Br Br 



Naphthalene 1-Bromo- 1:4-Dibromo- 

naphthalene naphthalene 


Chlorination can be carried on with sulphuryl chloride in pre 
sence or aluminium chloride. One equivalent of SG^Cl a at 298K give* 
1 •chloroderivative whereas two equivalents of SO^a at 370-41OK. 
give 1 ; 4- di chloronaphthalene. 



Chlorination of naphthalene in presence of iodine above 610K 
gives a mixture of two monochloro derivatives, 1* and 2-dttaro- 
naphthakne in the ratio 1 r 1. 
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oe 

Naphthalene 


CWI. 

or k 



(5) NJtra. on Naphthalene reacts with nitric acid'at room 
temperature aiuj gives 1-nitronaphthalene. At higher temperature a 
mixture of 1 : 5* and 1 : 8 dinitronaphthalenes is obtained. 



(6) Sulpho nation. The main product of sulphonation with 
concentrated sulphuric acid at 350K is 1 -naphthalenesulphonic acid. 
At 430K, the main product is 2-naphthalencsulphonic acid. 


SO # H 



(yield-96%) (yield-85%) 

I-acid on heating with concentrated sulphuric acid changes into 
2-iaomer. 


These facts can be explained as follows ; 


Sulphonation is a reversible reaction and like nitration and halogen* tioo 
occurs more rapidly at the s-position, since this involves the more stable Inter* 
mediate carbocation. But fer the same reason, attack by hydrogen ion 
resulting In desulphonation also occurs more rapidly at Ihe ■-position. Sulpho- 
nation at the p-position occurs very slowly but once formed, the Mulphonic 
acid tends to resist desulphonation. 


At low temperature desulphonation is slow and if the reaction b slopped 
long before equilibrium is reached, the, a-pToduct, which is formed faster, to 
isolated. At higher temperature desulphonation becomes important and 
equilibrium is readily established. At higher temperatures the product Isolated 
t* the one that is more stable, §.g, t p-naphthalenesulphonic acid. 

SOgH 



Fonm d r&dly l 
indpkmmtd rapidly. 



Format *h*ly ; 
immlphmmigddimt?. 
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The reason for the n greater stability of 2-acid is, however, 
uncertain. One explanation given is that there is steric repulsion 
in 1-acid from the hydro ~cn atom present in 8-position. 

Fig. 45' 1 is the energy piofilc of the sulphonation of naphthal" 
ene (shown as N). IVrm-iio * ^ 1-acid (l-S) and 2-acid (2-S) 
arc both exothermic reactions with !'-ats of reaction aHj and AH a 
and activation energies E* un i E* i jspcctively. Rate constants of 
the two reactions are k i and k s . 

l-S being th^ ldnetically controlled product, 

and Eb^Ej 

On the other hand 2-S being the thermodynamically controlled 
product 

AH* > AHi 

Activation energy of the desulphonation reaction of 2-aciJ, 
E- i -^--E c + AII a and that of 1-acid, E.^Ei-h AH^ 

As stated above E a >Ej and AH 2 >aHi- Hence E_ t >>E_ t . 
Consequently among the rate constants of the reverse (drsulphbna- 
tion) reactions, ir-j >> k_%. This explains why 1-acid is formed 
more rapidly and desulphonatcd more rapidl\ th?n 2-acid. 



- REACTION CO-ORDINATE -— 

Fig. 45*1— Energy profile of the sulphonation of naphthalene. 

(7) Fried el -Grafts reaction. This reaction is carried out in 
the presence of anhydrous aluminium chloride at low temperatures as 
under vigorous conditions one of the naphthalene rings opens. 

(») With • methyl iodide, 1. and 2-methyInaphtbalenes are obtained 
Ethyl bromide gives only 2-ethyl naphthalene and n-propyl bromide 
give 2*isopro£ylnaphthalein. 

C,H,Br 

AJCiP 

2 -ethyl-naphthalene 

CH S 



naphthalene naphthalene 





58 


ORGANIC CHEMISTRY 


(M) With acetyl eUoride a mixture of 1- and 2-naphthyl methyl 
htcaa it obtained. The composition of mixture is determined by 
(he nature of the solvent used. For example, in CS, solvent at 260K 
the 1- and 2-derivatives are in the ratio 5 : I while in nitrobenzene 
solvent at 298K these are in the ratio 1:9. 



Naphthalene 


XN GHfGOCl fy* 


Am, 


COGH. 



^jCOCH, 


1 -naphthyl 2-naphthyl 

nethyl ketone methyl ketone 

The effect of nitrobenzene as solvent has been attributed to its forming a 
; with add chloride and aluminium chloride, which because of iu bulki- 
’ attacks the roomier fr-position. 

(8) GUiaeoiethylatian. With a mixture of paraformaUIe* 
byde. hydrochloric acid, glacial acetic add and phosphoric acid 
naphthalene gives 1 -chlorornethylnaphthaJene (main product) with 
■nnll amount of 1 : 5-bischloromethyinaphthalcne. 

CH a CI 







+CH.O+HCI— 



3 


+ H.O (56%) 


1-Chloromethyl- 
naphthalenc 

' (9) Oxidation. Naphthalene undergoes oxidation and the 
oxidation product depends on the nature of the oxidising agent. For 
example, 

(t) With concentrated suIphuric acid and mercuric sulphate or 
~ ’ »» presence of vanadium pentoxide it is oxidised to phthalic anhy§ 

Cone. H,SO, 

+HgSO| 

_ or Air+ViOj _ 

Phthalic anhydride 

(w) Potassium permanganate in acid solution oxidises it to 
phikaUc add while in alkaline solution it oxidises it to phlhdlonic acid 

I^NGO.GOOH Alkaline Acid p^SCOOH 


r n 






l^JJcOOH 


KMuO« 



11 'Nl nwu I < .1— 

11^355 l^JJcOOH 


Pbthaloaic acid Phthalic add 

(Hi) With chromic add the oxidation product is 1 : 4-napktho- 
fiMMOne. O 

II 


00—00 

B 

o 

1:4-naphtbaqnliK 
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(h>) With ozone naphthalene give* the dioxoaide which to treat¬ 
ment with water give* phthalaldehyde. 



Naphthalene 



HtO r^^CHO 


Phthalaldehyde 


5. Orientation of Electrophilic Substitution in Naphtha- 
lone.—Nitration and halogenation of naphthalene take place almost 
exclusively in the apposition. We um account for this observed 
orientation on the following basis ; 


(t) The controlling step in this electrophilic substitutiofi is the 
attachment or an electrophilic reagent to the aromatic ring to form 
an intermediate carbocation ; and 


(it) This attachment takes place in such a way as to yield the 
most stable intermediate carbocation. The most favourable 
structures for the carbocation are those which have one ring Tully 
aromatic. 


In the nitration of naphthalene attack by nitronium ion at the 
a position of naphthalene yields an intermediate carbocation that 
is a hybrid of two stable structures I and II, and several unstable 
structures like III. 



I 

More stable 
(aromatic sextet 
preserved ) 



II 

More stable 
aromatic sextet 
preserved) 



disrupted) 


Attack at (^position yields an intermediate carbocation that 
»s a hybrid of IV and V, and several other structures like VI. Out o 1 


these only structure IV is stable in which the aromatic sextet is pre¬ 
served. 
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There are two stable contributing structures (I and II) (or attack 
atl-position while there is only one (IV) for attack at 2-position. On 
this account the carbocation resulting from attack l -position is 
much more stable than the carbocation resulting from attack at 
2-position. Nitration would, therefore, occur much n»orc rapidly at 
the opposition 


When an electron-releasing group 0 occupies j osition l, it 
directs the attack at position 4 or 2. An elrclron-rrleasing group 
located at position 2 directs the attack at position l. 

On the ether hand, an electron-withdrawing deactivating) 

proup at portion 1, directs the attack at position f> in the other ring ? 

because the rint, in which it is present is deaer*v. tea *.rd hr .ce less 
1 1 <!■ 1 


a y 


G is ckcuon-wifidrav. - 
uw (dcccr \ itmtM r^Ji 
in pos.ticn j urd 11 ci t i 
otMck to position s 
(ether rirv’) 

G is dec iron~n 
(uctivatu |.) group pr* 
sent in position 2, it 
directs attack to posi¬ 
tion 1. 


The following two rules which follow from the above discussion 
can be used to predict the major products of further substitution in a 
monosubstituted naphthalene : 

(а) An activating group (electron-releasing group) tends to 
direct further substitution into the same ring. When present in posi¬ 
tion ] 9 it directs further substitution to position 4 (and to a lesser 
extent to position 2). On the other hand when it is present in posi¬ 
tion 2, it directs further substitution to position 1. 

(б) A deactivating group (electron-withdrawing group) tends 
to direct further substitution into the other ring—at an a-potion in 
nitration or halogenation or at an ou or ^-position (depending upon 
temperature) In sulphonation. For example 

(j) Substitution in 1- or 2-naphthol containing an activating or 
electron-releasing group* OH. 


pi me to eiectropniiic sxinstmmon. 




G is the electron- releasing (activating) group 
located in position 1, it directs attack to 
position 4 or 2 




SAX 


rr 


r 


f T 


A r on stable 
(i aromatic sextet 
preserved) 


'U 


Less stable 
(aromatic sextet 
disrupted) 
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[11^1 + C.H.N.+Cl- ---- 

L<w Ik ^1 273-280K 1 1- •>! 


1 -Naptathol 

OH 


N»N.C,H| 

4- Phenyl uo-1 -napbtkol 

OH 

r^V^^NO. 


N J + hno, 


NO, 

2, 4-Dinitro-l-naphthDl 

N-N.C.H, 

273-280Kk^> J \j^ 

2-Naphthol 1 -Phenylazo-2-naphthoI 

(t») Substitution in 1-nitronaphthalene containing electron-with¬ 
drawing or deactivating group NO,. 

NO a NO, 

CO*“”’ ^OO “ 

NO, 

l-Nitronaphthalenc 1, 5-Dinitronaphthalene 

Q,N NO, 


I, 8-Dinitroaaphthalene 
{chief produci ) 

These rules do not always hold in sulphonation, since the reac¬ 
tion is reversible and at high temperature tends to take place at a 
^-position (see page 3*6 for reasons). 


Exercise, (a) Write structural formulae and names for the predicted 
products in the following reactions: 

(0 1-methylnapbthalene +Br, 

(f0 1-metbylnaphthalene + HN0,+H,S0 4 
(Hi) 1-metbylnaphthalene +CH i COCl+AlCl, 

(#r) The above three reactions with 2-methylnaphthalene 
(p) 2-nitronaphtbalenc + Bra 
(»f) 2-roethoxynaphthalcne+Br,. 


6. Uaea.—Naphthalene is considered to be of great industrial 
value due to the following uses to which it is put ; 

(f) It is used as an insecticide and Tor preventing moths in 
clothes. It is, however, now being replaced by more powerful new 
insecticides such as DDT and j^dichlorobenzene. 

TOC—111-3*83-1 
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(si) Large quantities are used in industry for the manufacture Of 
various dyestuffs—azo dyes, cosine and indigo. It is also used for 
manufacturing phthalic acid , phthalic anhydnde, pMhaUmide , etc. 

(s»i) To add to the illuminating power of coal gas, it is carburet* 
ted with naphthalene. 

7. Constitution of Naphthalene. —(1) Molecular formula of 
Mphthalene as calculated from its analytical data is C 10 ria. 

(2) It closely resembles benzene in its chemical properties. For 
example, 

(») it can be'chlorinated and sulphonated. 

(it) Its amino derivatives can be diazotised and coupled in the 
usual way. 

(in) Its hydroxy derivatives exhibit true phencxlic character. 

This suggests the presence of one or more benzene rings in the 
molecule. 

(3) It resists oxidation under ordinary conditions but gets oxi- 
dised on strong heating with cone. H a S0 4 and a little HgSO A (o 
produce phthalic anhydride. This shows the presence of at least one 
•ortho-substituted benzene ring. The nucleus may b" attached in ortho- 
position to two separate side chains or the two ends of a closed 
chain. But the former possibility is ruled out by the fact that naph¬ 
thalene is not highly unsaturated *nd unstable as required by two 
side chains. Moreover, the fourth valency of each carbon cannot be 
explained. So the reacrion can t>c represented by assuming it as some 
sort of closed chain. 




CC\ 

;0 + 2CO a + 2H a O 
CCK 


Phthalii: anhydride 


N0 t 

NITRATION^ OXIDATION ( HOOcrf^\ 

NAPHTHALENE tX-NtTRONAPH THALENE 3-NITRUPHTHALIC 



W -NAPHTrlYLAMINE PHTHALIC AClD 
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(4) Naphthalene yields on nitration nitronaphthalene, which 
on oxidation gives nitrophthalic acid. But if nitronaphthalene is 
first reduced to aminonaphthalene and then oxidised we get only 
phthalic acid The above reactions can only be explained by assum- 
mg that naphathalene contains benzene rings I and II fused in ortho* 
position as under : 

During oxidation of nitronaphthalene the ring I not contain¬ 
ing the nitro group is destroyed to yield 3-nitrophthalic acid. An 
amino group attached to the nucleus renders the latter extremely 
sensitive to oxidation. So during oxidation of aminonaphthalene, 
the ring II containing NH S group is destroyed to give phthalic 
acid. 


The symmetrical formula for naphthalene was proposed by 
Erlenmcyer in 1866. Graebe proved in 1869 that it did consist or 
two benzene rings fused together in the ortho*positions. 

The reason fer Ihe difference in behaviour on oxidation is that 
the nitro group makts an aromatic ring harder to oxidise than an 
unsubstituted benzene ring, whereas the amino group increases the 
ease of oxidation of the ring to which it is attached. 

(5) The view is further confirmed by various syntheses. 

(a) When vapours of 4-phenyl-1-butene are passed over red-hot 
lime, it produces naphthalene with the loss of hydrogen. 


H.C^ 

4-Pheny 1-1-butene 

(6) aunaphthol is obtained by heating 4-phcnyl-3-butenoic acid 
to 570K. a-Naphthol on heating with zinc dust yields naphthalene, 



Naphthalene 



CH 


H 

C 




Naphthalene 
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(6) The formula accounts for the existence of two monosubs- 
titution products, frequently designated as 1- and 2% and ten -disub" 
stiudon products when both groups are alike. 

(7) Up to ten hydrogen atoms can be added to naphthalene 
Indicating the presence of five potential double bonds. 

(8) Physico-chemical evidences, heat of combustion, etc., 
point towards naphthalene being a resonance hybrid of mainly the 
following three resonating structures : 



The resonance energy of naphthalene is 255*2 kj mol” 1 . 


KJU'- 


If we assume that each structure contributes equally to its 
resonance hybrid, then, 
in the case of naphtha- 
lenc, the C t bond \ | 

is double In two struc¬ 
tures and single in one 
while the G a —C 3 bond 
is single in two struc- 
trues and double in one. We would, therefore, expect that the two 
bonds have { and } double-bond character, respectively, as shown in 
IV. Accordingly, the Cj —C a bond should be shorter than the 
Ci~C B bond, and this has been verified by X-ray diffraction studies 
of crystalline naphthalene. Bond lengths of —C a bond and C a —C a 
bond are 1 *361 A and 142lA respectively as shown in V. 


IV 



0 


Friftfl Rule (1935). Fries compared the possible arrangements 
of double bonds in naphthalene with those in benzoquinones. 

Arrangements in stiuctures II and III correspond to 
those in o-benzoquinonc shown in the margin. He 
believed that since benzoquinones are far more reactive 
than an aromatic compound, a stable form of a poly¬ 
nuclear compound did not contain an arrangement 
resembling the one in quinone structure. Based on 
this arrangement he formulated the iule which is known after his 
name as Fries rule. It states— 




The most stable arrangement of do\ihle bonds in a jjolynucleat 
compound is ths one in which the man mttm number of rings the 

benzenotd structure (having three (Umblz bomis). 

Thus out of the three canonical foims of the resonance hybrid 
of naphthalene form I with two benzrnoid imgs is the most stable. 
Forms II and III with only one beiuenuid ring cat h arc not so stable. 
Naphthalene, therefore, tends to behave as structure (I) rather than 

as II or HI. 
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(^moderation of atomic or¬ 
bitals shows that tea carbon 
atoms lie at the corners of two 
fused hexagons Each carbon 
atom is attached to three other 
atoms by 0 bonds resulting from 
the overlapping of trigonal sp % 
orbitals and all carbon and 
hydrogen atoms lie in a single 
plane There is a cloud of n 
electrons formed by the over¬ 
lapping of p- orbitals and shaped 
like a figure 8 above and below 
die plane of carbon atoms, Thi* 
cloud may be considered as made 
up of two partially overlapping ! 
six electrons) which have a pair of 



Pig. 1 2 -tt clouds above and below 
ie plane of rings in the naphthalene 

molecule. 


xtets (re electron clouds containing 
ti electrons in common. 


DERIVATIVES OF NAPHTHALENE 


8. Halogen Derivatives —Direct halogenation of naphtha¬ 
lene gives 1-chloro- or 1 -bromonaphthaienc. 2-HaIogeno-naphthalenes 
are prepared fiom 2-naphthylamine or 2-naphthalcnesulphonic acid. 



2-naphthylamme 


^NH a NaNO* 
+ HC1 



^N.Gl CuClr^ 



2‘naphtlialene- 
diazomum chloride 


+HCll^ 

2-chloronaphtha lene 



2-naphthaJene- 
sulnbomc acid 


2-rbloro- 

naphthaleoe 


9. Nitronaphthalene —J-Nitronaphthalene (m.p. 333K) is pre¬ 
pared by treating napthalcnc with concentrated nitric acid at room 
temperature. It is a yellow solid and resembles nitrobenzene in most 
of its reactions. It reacts with phosphorus pentachloride to form 
l-chloronaphthalrne unlike nitrobenzene which docs not react with 
PCI,. 

2-Nitroiuphthalenc (oip. 3WK) is prepared indirectly by 
heating 2-naphthaleiicdiazoniura borofiuoridc with sodium nitrite and 
copper powdn 


10. Naphthalenesolpbonic acid—Both 1- and ^-naphthalene* 
sulphonic acids car be prepared by direct sulphonation. 


SO a H 

fl*S0 4 
350K 

1-dcrtY. (m p. 433K)* 

m%) 




^H*SOj fS 

43 OK 



2'detiv. (m p. 3"5K) 
(86%) 
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On treating the mixture with superheated steam, the 1-add 
decomposes to give naphthalene while 2-acid remains practically un¬ 
affected. Calcium and lead salts of 1-add are more soluble than 
those of the 2-add The isomeric acids may be separated forming 
those salts. 


Properties of these acids are similar to those of benzensulphonic 
acid but the sulphonic group in naphthalencsulphonic adds is more 
easily replaced. For example, 

(i) The sulphonic acid group is replaced by —Cl when fused 
with phosphorus pentachloridc and a chloronaphthalene is obtained. 

(is) On oxidation with add permanganate, both the acids give 
pbthalic acid. 


fiti) 1-Acid changes into the 2-isomer on heating with concen¬ 
trated sulphuric acid. 2-Acid is the starting material for the preparation 
oj various 2 -naphthalene derivatives. 

11, NaphthyiamineB.— Two isomeric naphthylamines are : 



1-naphthylarmne 2-naphthylamme 

Preparation, (i) 1-derivative may be prepared by routing 
1-nitron.iphihaIer.e with iron and hydrochloric acid. 



The halogen atom in naphtha) 
benzene ring, but it is more Teactivc, 



c behaves -rnlarly a r in the 


(ii) Both the isomers can be prepared by heating the correspond¬ 
ing naphthols with a double compound of zinc chloride and ammonia 
(Bnche*er reaction). 


OH 



l-Npphtnnl 



;.-Naphthol 



H b O 

H.O 


Properties. Both naphthylamines are colourless solids (1-, m.p 
323K ; 2-, m.p. 385K) insoluble in water but soluble in alcohol and 
ether. Msoraer has an unpleasant odour and turns red exposure 
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to air while the 2-derivative is odourless. Their important chemical 
reactions ire ■ 

(i) Basic nature I hey iCMmble aniline but aie weaker bases, 
rhcy dissolve in arids forming salts ^ Like aniline they yield dia- 
senium salts which can be roupled with amines and phenols forming 
dyes 


(u) With amrnnn%a*al si/'» nth aft Both of them reduce 
immoniaral silver mtrate 


(Hi) 147'A fy r\c chloride* Salof 1 -naphthylamine give a blue 
precipitaie with ferric chloride but 2-naphthylamine gives no 
c J oration. 


(iv) Osithition 
permanganate 
Ml, 



J 


l'r.aplith>lannnt 


Both of them are 

oxidised to 

phthalic acid by 

(s' "v'^NH 

UU 

? KMn0 4 

.COOH 

fO] 

ICOOH 

" n. r r ith>lanuri. 


Phthalic acid 


Rtbu item Web sodmm and isopentanol they behave 
djfhsMUlj and yield diflrienl redurtion product 1 


l-isomei is reduced to ar- tetrahydro-l-naphthylamine (5:6: 
7 ; 8-tetraliydm l-naphthylamine,. The prefix ar- mdicstca that the 
four hydrogen atoms are not in the ling comm ung ~r\H 8 group 


KH h NH t 



1 Mjph'hN 1 .mipe '* : 6 7: P-letrah>di^ 

'-n-phth'liirip*. 

2 '"onitr is icdurf (3 to »j t -\wii.diydro-2-naphthvLamine (1:2:3;4- 
teLrahvdif)-2*naphthyl ( imii.t j The prefix ao (aliryclie) indicates 
tht font hydrogen '»t"m are in the ring c^nt^ining the am inn. group. 



^.XH, 


- 

\ T ar’itJivKnni l 


[HI 



i 


f : : 3 4-tetrahydfc 
2-naphthylammc* 


[vi) ( ouplinq 1 isomer couples with diar.onium salts in the 
4-posirion whcicas 2-i‘omer couples only in the 1-position and no 
coupling otcui i if this position is occupied 

(rtt) tiu J pit*/nation. On heating with concentrated sulphuric acid 
at400K, l-naphthylamine yields naphthionic acid (l-naphthylamine* 
*' udphnnb acid) This is used in the preparation of Congo-red. 

Oa heating 2-iittphth>lainine with concentrated sulphuric acid 
one sulphonic group enters in position 5, 6, 7 or 8 giving four different 
sulphonic acids according to temperature. 
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Uim. Naphthy la mines are used In (he manufacture of dyes. 

12, Naphthols. —Monohydroxy derivatives of naphthalene 
are called naphthols. These are called 1- or 2-naphthol depending 
upon the position of —OH group in the molecule. 



1-Naphthol 



2-Naphthol 


Both of these are present in coal-tar. 


Preparation/ These are manufactured by fusing the sodium 
edU of the corresponding naphthahneaulphonic acids with sodium 
hydroxide. 

_ 570K 

C^pHy.l SO^Na + Na OH-►C l0 H 7 OH + Na B SO $ (70-80%) 

1- or 2-sodium 1- or 2-Naphthol 

aaphthalenesulphonate 


Pure 1-naphthol is prepared by heating hnaphthylamine with 
dilute sulphuric acid at 560K under pressure , 



H.O 


H.SO* 


OH 



+ NH t 


Properties. These are colourless crystalline solids (m. pt. 
I- —360K ; 2- =395K) with faint phenolic odour. The\ arc sparingly 
soluble in water but readily dissolve in alkalis forming naphthoxides, 
e,g. 9 C 10 H T ONa (sodium naphthoxide). 

Chemically naphthols resemble phenols but the — OH group in 
naphthol is more readily replaced by other groups than in phenol. 
Between themselves 2-naphthol is more reactive than 1- naphthol. 
Important reactions of naphthols are : 


(i) With ferric chloride. 1-Naphthol gives a violet precipitate 
with ferric chloride whereas 2-naphthol gives a green precipitate. 

(•$) With ammonia , They react with a mixture of aqueous 
ammonia and ammonium sulphite or with ammonia and zinc 
chloride to give corresponding naphthylamines. 


__ (NH|)|SOa 

C l0 H 7 iOH 4- H NH t -► C 10 H 7 NH i + H b O 

I- or 2-Naohtfi M 1- or 2-Naphthylaoniae 

(ft*) Formation of Ethers . On heating with an alcohol in pre¬ 
tence of concentrated sulphuric acid, naphthols yield ethers. 


C,.H,OH + C.H.OH 

2-N.piithol 


Cone. 


-► 

H|SO| 


CisHfOCjiH. 

2-Nap bthyl etnyl ether 
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(tv) Coupling. Naphthols couple with diazonium salts. Coup* 
ling occurs in position 4 in 1 -naphthol and in the adjacent i -position 
Jn case of 2-naphthol. No coupling occurs when this adjacent 
Imposition is occupied. 

OH 

+ C a H 6 N t Cl 

N=N.C a H l 

Dye {highly coloured ) 

N^N.C.H, 
,OH 




«► CgH^Cl 


2-Naphtho) 



Dye (highly coloured) 


(p) With Nitrous acid. 1-Naphthol on treatment with nitrous 
acid gives mainly 2-oxime of 1, 2-naphthaquinone with small- 
quantity of 4-oxime of 1,4-naphthaquinone. 



I 

1-Naphthol 2-Oxime of NOH 

1, 2-naphthaquinone 4-Oxime of 

1, 4-naphthaquinone 

2-Naphtho] gives 1-oxime of 1_ 2-naphthaquinone and the yield 
is 99%. 


NOH 



1, 2-Naphthaquinone 


(wi) Sulphonalion . On direct sulphonation under mild condi¬ 
tions 1-naphthol gives a mixture of 1 -naphthol-2-sulphonic acid and 
l»naphthol-4-sulphonic acid. 
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2-Naphthol gives 2-naphthol-l-sulphonie acid which is un¬ 
stable and rearranges to give 2-naphthol-B-sulphonic acid. 

SO a H 

OH H,so 4 r^V^.OH 



2-Naphthol 



2-Naphthul-l- 
sulphonic acid 
unstable \ 

HO,S 



Rearranges 


2-Naphthoi-8 
sal phonic acid 

(mt) Reduction. 1-Naphthol on reduction with sodium and 
Isopentanol gives a* ♦etrahydro-l-naphrhol (5 • fi * 7 : B-tetrahydro- 
l-naphthol) 

OH OH 



Na/bopentano! 


•cx 

1 - Naph t ho 1 a r- T c t rally t» n >-1 -napb thol 

2-naphthol gives mainly at -tetrah>dro-2-naphihol U * 2 : ^ :4- 
tetrahydro-2- naphthol). 

^OH N’aiisiv eis t u n »! 




2-Naphlhol ji Tt ‘ a* /Uio n *iapiithul 

(vm) Oxidation Both 1 and 2-naphthol icdurc ?mn«o;iaca T 
silver nitrate. Both of them are oxidised b> cdkcJinr p jtr»ssumi per* 
manganate to phthalonir acid. 

OH 

ak r^XcX3COOH 





KMp 0 4 k^^COOH 

1-Naphtbol 2-Naphthnl Phlhaionic acid 

With rhiomic acid 1 -naphthol is oxidisec to 1,4 naptha- 
quinone 


( >P 



i-Naphthol 


O 


LOj 

HjiCrO* 


l< 



O 


1, 4-Narhthaquinone 
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U«es. (*') The amino- and suiphonic derivatives of the tiapb- 
thols are used in the manufacture of dyes. 

, . W 2-Naphthol has a medical use as an intestinal antiseptic. It« 
derivatives like benzoate and salicylate are also us^d in medicine. 

(ni) Its methyl and ethyl ethers are employed in perfumery. 

13. Naphthaquinone, C 10 H 6 O 2 . —Theoretically six naphtha- 
q iiriones (1 : 2-, 1 : 4-, 1 : 5-, 1 : 7«, 2 : 3- and 2 : 6-) are possible. 
U iJy three of these are known and are given below :— 



1, 4-N^h 1 l»aqiiinoiu; 1,2 Naphthaqumone 2, 6-Naphthaquinone 


1 VNaphthaquinone may be prepared by oxidation of 1,4- 
naphthalene liaminr, 1, 4 n ohthdenedi d or 4-am'no-l-naphthol 
with cid dj In* Mate, 


Nll a HG1 



OH 


[03 

+ H a S0 4 


4-Ammo-1 
naphthol 


O 


II 



II 

o 


1, 4-Naphtha quin one 


Tr is i volatile yellow solid (m.p. 391110 having a pronounced 

odou 1 

Chemically it resembles 1,4-bcnzoquinone. It is not, however, 
re i i :c 1 by sulphurous acid. On reduction with m*tal and acid, it 
gives 1, 4-naplnhalcncdiol and on oxidation with nhric acid gives 
phthalic acid. 



O 1, 4-Napbthalene- 

1,4-Naphthaquinoiic diol 


With hydroxylamine, it forms monoximr which is tautomeric 
with the nitrosophenol form. 
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NOH 

n 


00—00 



o o 

Monoximc Nilrosophenol form 

Vitamin K is a derivative of 1, 4-naphthaquinone. 

1, 2-Naphthaquinone may be prepared by oxidation of 1 amino- 
2-naphthol with dichromate and sulphuric acid (yield=75%). 

Nil* 9 

AAw . ,ArV 



l-Amino-2-napbthol 1. 2-Napthaquinone 

It crystallizes as non-volatile, odourlrss red nrcdles and de- 
composes when heated at 310-34QK. 

2, 6-Naphthaqiiinone may be obtained by oxidation of 
2 f G^naphthalenediol dissolved in benzrDe with lead dioxide. 


uu 


It is non-volatile, odourless, orange solid (m.p. 408K). 

14. Synthesis of 1-sobstltnted naphthalenes. —Procedure 
for the synthesis of various 1 -substituted naphthalenes is summarised 
below. 

NO, NH, N,+ 

HNO * [H] 


Halides, nitriles, 
azo-compounds, etc. 


Br 

Mg 


MgBr 


► Alcohols, 
ketones, etc. 


Exercise. Write steps for the conversion of naphthalene into : 

(/) ounaphthonitrile, (if) ■-naphthoic acid, (Hi) 1-naphthyl ethyl ketone, 
(Is) bnaphtbylamine. 
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15. Synthesis of ^-substituted naphthalenes.— Procedure 
fbr the synthesis of various ^-substituted naphthalenes is given below : 


CO^OCT" 


Naphthalene 


2-Naphthalene- 
sulphonic acid 

I fusion 

^ with alkali 

and then 
acidification 


CO" 


NH a 

heat, 


2-Nap hthol 


(NH^SO. 


Halides, 
nitriles, azo- 
compounds, etc. 


r 

if v* 


KJ 


2-Naphthalenc- 
diazonium salt 



tlsation 


Exercise, (a) Write steps for the conversion of naphthalene into (/) 
2-BrofnonaphihalenecarboxyIic acid, (//) 2-naphthalenecarbomtrile, [III) 2-naphth- 
alenecarboxylic acid (/»>) 2-napbthalenecarbaldehyde. 

(h) Diazonium sails can be converted into nitro compounds by treatment 
with NaNOg in presence of a catalyst. Suggest a method for the conversion of 
naphthalene into 2-nitronaphthalene. 


QUESTIONS 

A. Essay Type : 

1. How is naphthalene prepared 7 How many mono- and di- derivatives 

containing the same group are given by naphthalene 7 Give its important pro¬ 
perties and uses. (Calcutta B.Sc. 1972 ; Calicut 1974) 

2. Describe the preparation of naphthalene from coal-tar. Indicate 
how the following compounds could be prepared from naphthalene : 

(0 Benzene ; (//) Anthranilic acid ; (Hi) 1-Naphthol ; 

(tv) 2-Naphthol; (v) Naphthylamines ; (vf) 1-Nitronaphthalene j 

(vii) 1-Naphthalcnesulphonic'acid ; ( vfii ) Tetralln ; 

lix) 2rChloronaphthalene. 

3. (a) Discuss the constitution of naphthalene. 

(Jabalpur B.Sc. 1973 ; Maralhwada 1972 ; Delhi 1974 , 71 ; Kerala 1973) 

(b) How would you prepare Naphthols from Naphthalene 7 What Is the 
act! on of chlorine on Naphthalene ? (Delhi B.Sc. 1971) 

4 What happens when— 

(a) 1- and 2 Naphthols are reduced with sodium and lsoamyl alcohol 1 

( b ) Naphthalene Is treated with chlorine at fa) the ordinary tempera- 
tore* (6) high temperature 7 Discuss the chemical behaviour of the compound 
formed. 

(c) 4-Ami no-1-nap hthol is treated with acid dichromate. 

5. How are the two naphthols prepared 7 How are these distinguish¬ 
ed 7 What is the action of sodium and isoamyl alcohol on them 7 

6. Write a short note on electrophilic substitution in naphthalene. 

(GND B.Sc. 1982) 



ORGANIC CHEMIbl 1 Y 


3’24 


B. Short Answer Type . 

1. Write structural formulae for the following ■ 

(i) l-Nitroso-2-naphthol, (ti) 2-Nitroso l-naphihyUnamt 

(lit) 2-Chlorcnaphthalene (iV. J, 8-Dinitro-2-naphthol. 

(v) 1, 8-Naphthalenedisiilphonic aud (n) I, 4-Dibromonuphthalenc 

(vn) J, 8-Dinitronaphthalene. (vw) 2, 6-Dinjtronaphihalen* 

2. Id which position will benzenediaromum chloride couple with the 
following : 

(/) 1-Naphthol. in) 2-Methyl-l-naphthol (frit 4-Methyl 1-naphthol. 
{tv) l-Methyl-2-naphthoJ (v) 2, 7-naphtbaleneJiol 

(W) 1, 8-dimeihy 1-2,7 naphthalcntdiol 
(vii) l-Methyl-2, 7-naphthalenediol. 

3 What are the products obtained bv rcdiction, oxidation, halogena- 

tion, nitration and su'phonalion of naphthalene 1 [Ktralu B St. 1973) 

4 (/) What is the controlling ^tep in the eJcctrnphilic substitution m 
naphthalene *> 

(n) What is 'he most fa^ mu tr i i. * irb Kat.o i » blame 1 

in the above step ^ 

5 Slate two rules used to predict tin major prolucH obtained in 
further substitution ol a nioxosubMitut J naphthaline 

6 Give one ^ynihesis of nap) thalcnc 

7 Gi\e rtsen«.ncc hybrid structure of naphthalene What is lie double 
bond character uf various bonds in naphth ilviie f 

8 How do you pr* cced for The svnthes s j 2 <■ ubst.lvited naphthalenes 7 

9 How can naphthalene be convened inio (u) 2-naphihoL, and 
(6) l-naphthylamme, (c) decalm, (d) anlhiamliL ruid 

I Delhi B ^ 1WI B Sr Hon s S !> > 

10 Whai is *he principal product when 
[a) J-Methylnaphthalene isritn id 5 

f b) 2-Nitronaphthalene i> broivmated (Delhi B Sc Hons 1979) 


!1 Write the structure ot prodt U the in uactim 


Naphthalene - 


tone Il,SO a 

I 350K 
1 Cone H 8 S0 4 

430K 


Alkaline 

fusion 

Alkaline 

fusion 


> 


{Madurai Kamraj B.Sc , 1981) 
12. A neutial solid (A) has the formula C 1() H,O a N Vigorous oxidation 
ot A gives a dibasic acid (B), C,H,O fl N A can be reduced to a compound (C), 
C 1# H # N which on oxidation gives a dibasic acid (D) C a H a O* The compound 
A Can be obtained by direct nitration of a particular aromatic hydrocarbon How 
would you identify the compounds A to D 7 (Delhi B Sc J981) 




NAPHTHALENE AND ITS DERIVATIVES 


3'25 


0 2 N NO a 



2. Tue portions where coupling will occur h^v., he-'n « r riicarcd oy 
arrows : 


OH OH OH 



B. 12. S:j si-jciurc of nip'.jr.'flrij 3'II» 



2 

Anthracene and its Derivatives 


1. Anthracene, C^Hio,—In the last chapter we have studied 
about naphthalene, a hydrocarbon having two condensed benzene 
nuclei. Anthracene is another example of this kind and contains 
three benzene nuclei fused together in ortho positions. 



Carbazolc 

Anthracene is present in coal-tar to the extent of less than 
half a per cent. It derives its name from the word anthrax (Greek™ 
coal). One of the high boiling fractions (540-630K) obtained in 
the fractional distillation of coal-tar is named anthracene oil as it 
contains anthracene. 

2. Nomenclature and Isomerism of Anthracene Deriva¬ 
tives. —For purposes of naming derivatives of anthracene, its carbon 
atoms are numbered as follows : 


8 9 1 a y a 



From the formula it is clear that it gives three isomeric mono¬ 
substitution products : 1- or a-, 2- or p- and 9- or y- (or meso). In 
IUPAG system of nomenclature we make use of only numeials 1, 
2, 3 ...and not a, p, y etc. 

There are 15 possible isomeric disubstitution products with 
two like groups substituted for hydrogen. When the two substituents 
arc not identical, the number of isomers is larger than 15, 

3. Preparation of Anthracene. —Coal-tar contains about 
0‘25-0*45% of anthracene and is the chief source from which it is 
manufactured. Anthracene is present in the green oil or anthracene 
oil (a fraction collected between 540-630K) during coal-tar distilla¬ 
tion along with phenanthrene, carbazole and other substances. 

On allowing the oil to stand in shallow tanks a viscous mass 
separates out and crude anthracene (about 20%) is obtained by 
filtering it through a vacuum filter. This is agitated with light oil 
at about 360K and filtered again when anthracene content in the 
cake rises to about 35%. This is heated to 370K and traces of oil 
removed in a centrifugal machine when about “50 per cent anthra¬ 
cene" is obtained. 

The product may further be purified by powdering and washing 
first with solvent naphtha which dissolves out phenanthrene (see 
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page 3*15) and then with pyridine which removes caibazole. Anthra¬ 
cene may finally be crystallized from benzene 

In an alternative metkod t the residue left after the removal of 
phenanthrene with solvent naphtha, is fused with solid potassium 
hydroxide. On fusion carbazole gives non-volatile potassio^carbazole. 
Unreacted anthracene present in the melt is recovried by subliming 
out. 


4. Properties of Anthracene. 

Physical. It is a colourless solid (m.p. 489K) with a blur 
fluorescence. It is insoluble in water and sparingly soluble in organic 
solvents. It is comparatively more soluble in hot benzene. With 
picric acid it forms picrate (m.p. 41 IK). 

Chemical. Anthracene resembles benzene and naphthalene 
in most respects. It is, however, very reactive in the 9 : 10-positions 
For example, it is oxidised to 9, 10-anthraquinone and reduced to 
9, 10-dihydrnanthracenc. The orientation of tlnse reactions ano 
the comparative case with which tlicv lake place aiv understandable 
on the basis of the structures involved. Elcrtrophdir nI tack at 1- or 
2-position to give rr-complrx, leaves a naphthalene ring intact invol¬ 
ving a loss of Mj 1 \ r ) - 25tV^ % f> kj mol -1 . On the other hand 

o-complcx formed by electrophilic attack at 9- and 10-positions leaves 
two benzene rings intact, thus there is a sacrifice ofonl\ 50 2kT 
of resonance energy (35T 4 - 2 v 150 6). Obvioudv thr cr-rornplex 
formed by attack at 9- ami 10-posilions is more stable and more 
readily formed. This explains why anthiaecne is wrv ieaai\c in »he 
9 : 10-posit ions. 

In general, for pulynuclt nr aromatic hydrocarbons the a-c/mplei 
with maximum number of isolated benzene rings is th< most stable. 





9. 10-Dihydroanthracenc 


O 

II 



TOC-III 4-83-2 
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(Addition) 

It undergoes electrophilic substitution. The carbocation initially 
formed is the most stable one, in which aromatic sextets are preser¬ 
ved in two of the three rings. The carbocation can then either give 
«p a proton to yield the substitution product or accept a base to 
yield the addition product. The tendency of anthracene to undergo 
addition is due to the comparatively small sacrifice in resonance 
energy (=*50*2 kj mol -1 ). 

In the anthracene molecule the n-electron densities are unity at 
all positions. The self-polarisabiiities of various nuclear positions are 
in the following order : 9 > 1 > 2. Consequently position 9 will 

<be mast reactive, then 1 and finally 2. 

Its important chemical reactions are : 

(i) HatogtnaUon. On passing chlorine through a cold solution 
of anthracene in carbon disulphide, anthracene dichioride is produced. 
This loses a molecule of hydrogen chloride on heating or treatment 
with alkali and forms 9-chloroanthracene. 



Dichioride 


—HC1 
Het l 



Cl 

1 ^ 





9-chloroanth recent 


Chlorination of anthracene at 460K gives 9-chloroanthracene 
along with some 9 : lO-dichloroanthracene. Bromine reacts similarly. 
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(n) Nitration. Aqueous nitric acid oxidises anthracene to 
anthraquinone, Nitration is, therefore, carried out in acetic anhy* 
dride at 288-293K when it gives 9-nitroanthracene and 9 : 10-dinitro- 
anthracene. 



9 : 1Q-D ini t roan thracenc 


(i»») Sulphonation. Anthracene is readily sulphonated to form 
a mixture of 1- and 2-anthracenesulphonic acids. Some disulphonio 
acids are also produced. More of the 2-isomer is obtained at higher 

temperature. 

SO*H 



2-Anthracene- 
aulphonic acid 

With excess of concentrated sulphuric acid 1 : 8-anthiacene- 
dlsulphonic acid is obtained at low temperatures while 2 : 7-isomer is 
obtained at higher temperatures. 





1,8-Anthraceno- 
disulphonic acid 
{At low temp .) 


(h) Oxidation* Anthracene on oxidation with 
mate and sulphuric acid yields anthraquinone. 


2,7-Anthracene- 
diBulphonic add 
(At higher temp.) 

sodium dichro- 




Anthraccne 
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(«) Jferfuctfon. On reduction with sodium and tropentanol, 
anthracene yields 9 : 10-dihydroanthracene which on heating or on 
treatment with concentrated sulphuric acid loses two hydrogen 
atoms to give back anthracene. 

Na/isopeniy! alcohol 


Heat or 
Cone. HjSOj 

Anlhiacere 9. 10-dihydroanthraccne 




Catalytic reduction using nickel at 470-520K yields tetra- 
hexa-, octa- and finally *perhydroanthracrne (C 14 H a4 ) depending on 
the quantity of hydrogen used. 

H, H, H, Hi 

Gi#H 10 ► C 14 Hj 4 ► Ci 4 H 18 ► Ci 4 H]g ► C l4 H i4 

Anthra- Ni tetrahydro- hexahydro- octa hydro- perhydro- 

cene anthracene anthracene anthracene anthracene 


5, Uses of Anthracene.—Anthracene Is used in dye* f uff 
industry for the manufacture i f alizarin and anthraquinone dyes. 

6. Structure. —(l) The molecular formula of anthracene as 
calculated from its analytical data is C 14 H 10 . The formula suggests 
that anthracene may be related to benzene and naphthalene. 

+4C , +2H +4C , +2H 

G.H, -► C^H.-* G 14 H 1o 

Benzene Naphthalene Anthracene 


(2) Like benzene and naphthalene it gives addition and 
substitution reactions, e.p., halogenation, sulphonation and nitration. 
This supports the view that anthracene is somehow related to benzene 
and naphthalene. 

(3; Anthracene on bromination gives bromoanthraecne, 
C 14 H B Br which on fusion with solid caustic potash gives hydroxy- 
anthracene, C 14 H»OH. The latter on vigorous oxidation forms phthalic 
acid and a small quantity of o-benzoylbenzoic acid. 


Bn KOH 

C, 4 H lfl -► C 14 HiBr-► C a H*OH 

Anthracene Bromoanthraecne fuse Hydroxyanthricene 


Vigorous 

oxidation 


O COOH 
COOH 


Phthalic acid 



0 -Benzoyl benzoic acid 


•The prefix par is often used to denote complete hydrogenation of a ring 
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Thk ntggesta the pretence of at least two 
betisesie rings in anthracene and that its skele¬ 
ton is as shown in the margin. 

(4) Anthracene on oxidation with di- 
chromate and sulphurir acid gives anthraqui- 
none which on fusion with potassium hydro¬ 
xide at 520K gives two molecules of benzoic 
add. 



KaCrsO, Fuse r^sSCOOH 

-* Anthraquinonr-► 21 

+H,S0 4 with KOH 


This confirms the presence of two benzene rings in anthracene. 

(5) The skeleton of anthracene given above contains 14 carbon 
atoms. In order to fit 10 hydrogen atoms and 
retain the quadri- valency of each carbon 
atom, the middle ring must be closed. In |] 

other words, anthracene is madr up of three L. II 
benzene rings fused together in a linear man- \x \/ 

ner as given in the margin. 


(6) This view is further confirmed by synthesis of anthracene 
by heating o-bromobenzyl bromide with soaium followed by mild 
Oxidation of dihydroanthracene obtained in the first step. 



(a) Anthracene is synthesised by Friedel-Crafts condensation 
between benzene and acetylene tetrabromide. 



or 



I Anthracene 

This suggests formula 1 for anthracene having a para- bond. 
This structure, however, has been considered unlikely for the 
following reasons : 
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(»') Synthesis of anthracene from naphthaquinone or metby* 
lene bromide, etc., indicafes the absence of a jrara-bond. 


O 


II 



II 

O 


I : 4-Naphiha- 
quinone 


"■ C Vh 

1 

Diels- 

Alder 

.CH 

reaction 

H t C' 



O 



I : 4-Dihydro- 
anthraquinone 


o 

> 


[O] 


CrOg in glacial 
acetic acid 



O 

Anthraquinone 



Anthracene 


20,11, + 2CH s Br c 



9 : 10 Dihydroanthracene Anthracene 


(tt) X-ray analysis studies indicate that all the carbon atoms of 
anthracene lie in the same plane. The distance between the para 
carbon atoms in each ring has been shown V be the same as In 
benzene. 


According to the modern view based on all available evidence 
anthracene is a resonance hybrid of the following four resonating 
structures (II—V), 



v 




anthracene and its derivatives 


333 


The resonance energy of anthracene i« 351'3 kj tool *. 


The C|—C, bond is double in three out of Tour structures 
has, therefore, } double bond character. CL—C. bond is double only 

R 


H \ -* v 

_ * „ * J’n 

H--& 

V- - 


fr—u 


—a 

if 




v* 


in one and single in three struc 
tures. It has thus J double bond 
character. Double bond character 
of other bonds can be calculated 
in a similar manner. 

Consideration of atomic or- 
bitala shows chat fourteen carbon 
atoms lie at the corners of three 
fused hexagons. Each carbon 
atom is attached to three other 
atoms by a bonds resulting from 
the overlapping of trigonal sp % 
orbitals and all carbon and hydro¬ 
gen atoms lie in a single plane. 

There is a cloud of tc electrons 
formed by the overlapping of 

p-orbitals above and below Che ^ • . . . 

plane of carbon atoms. The cloud below ^ tbT'irfiiu: 'of rinw >■ 

may be coroidered as made up ol the anthracene molecule, 
three partially overlapping ■excels (n clouds containing six elec¬ 
trons) which have two pairs of it-electrons in common 

DERIVATIVES OF ANTHRACENE 


v r- 

r 


H- 


-rc 

A 

U' 




< 


\ 


« 


7. Anthrmquinone. —There are nine possible isomeric quin, 
ones of anthracene. Out of these 1 : 2-, 1 : 4- and 9 : 10- are known. 
The last one is the most important and is referred to simply as anthra- 
quinonc. 

Preparation. Different methods used for the preparation sf 
mthraquinonc are : 

(•) By oxidation of anthracene with sodium dichromate and suit 
phuric acid. Before 1914, anthraquinonc was prepared by ntiHinng 
anthracene with dichromate and sulphuric acid (yield —90%). Later 
on it was found cheaper to oxidise crude antnraceac containing 
earbazole. During oxidation carbazole is completely oxidised where¬ 
as anthracene gives smthrnquinone. 


O 

I 

[Ol 

NuCrtOr+HtSO* 

O 

Anthraquioone 

(ti) By heating phthalic anhydride with benzene in thepresenee of 
anhydrous aluminium chloride {jfriedtl^Orape reaction). TTus syntha* 
tio method (yield—90*95%) has proved to be the cheapen today. 



Anthracene 
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,CO\ 
ICO/ 


o + 



H,80, 



COOH 

p-Benzoylbenzoic acid 

O 

II 



if 

^ A 



o 

Anthraquinone 


This synthesis of anthraquinone also proves its structure. 

Properties. It gives paloyellow, odourless, needle-shaped 
crystals (m.p. 54IK) which sublime, on heating. It is insoluble in 
Water and alcohol but soluble in hot benzene or glacial acetic acid. 
It is very stable and shows very little resemblance to p-benzoquinone. 
For example, it is odourless, is not very volatile, and is not reduced 
by sulphurous acid. 


Various chemical properties of anthraquinone are : 


(1) Reduction. The nature of the reduction product depends 
on the reducing agent used. For example, 

(i) When distilled with zinc dust or when heated with hydr- 
iodic acid at 420K, it forms anthracene. 

O 
II 

Zn dust 


or HI 

O 




(it) With tin and hydrochloric acid in acetic acid, it is reduced 
to anthrone. (lO-keto-9,10 dihydroanthracene), 

O O 



(Hi) With zinc dust and aqueous sodium hydroxide anthra* 
quinol (9, 10-anthracenediol or anthrahydroquinonc) is produced. 
Anthraquinol on acidification, tautomerises to oxanthranol 



o 
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acid 

alkaji 
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OH 

OxaDthranol 


(2) Nitration. On nitration with acid mixture it gives 1-nitro- 
anthraquinone. On further nitration it gives mainly 1 :5- and 1 : 8- 
dlnitroanthraquinones with very small quantities or the 1 : 6- and 
1 : 7- isomers. 



O 




The mtro-group in the 1-position is very reactive and Is re¬ 
placed by an amino-group when 1 -nitroanthraquinone is heated with 
ammonia. 


O O 



1-Amino-anthrtqainonc 


(3) SulphonatioH. It is difficult to sulphonate anthmquinonc 
with concentrated sulphuric acid. .With oleum at 430Kit gives 
mainly 2-sulphonic add with small amount of 1-isomer. 

Prolonged treatment gives 2 : 64 and 2: 7-disulphonio adds 
in equal amounts. 
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2, 6-Anthraquinone- 
diiulphonic acid 


2 , 7-Anthraqumono- 
dtsulphonic acid 


In presence of mercuric sulphate (catalyst) 1-sulphonic acid ia 
first produced. This gives l : 5- and 1 : 8-disulphonic acids on 
prolonged treatment. 

O O 



1, 5-Anthraqainone- 1, 8-Anthraquinono- 

disulphonic acid disulphonic acid 

The sulphonic add group in 1- or 2-position is readily displac¬ 
ed, by chlorine to give chJoroanthraquinonc. 

Anthraquinone is halogenated with great difficulty and does not 
give Friedel-Crafts reaction. 

8. Alizarin, (1 : 2-Dihydroocyanlhraquinont ).—Alizarin is an 
important dyestuff. It is the chief constituent of madder root (vwlg) 
wherein it is present as the glucoside, ruberythric acid. The dye 
derives its name from the Arabic alizari (» madder). 

Frcparatloa. Alizarin was originally obtained from madder 
root by hydrolysis of the glucoside present. 
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C^H+Qu + 2HjO - SQA^Og + C M H f O f (OH) f 

Rnberythric add Glucose Alizarin 

At present it is manufactured synthetically by sulphonating 
anthraquinone (manufactured from pbthalic anhydride —see page 
2*672) with oleum at 430K and fusing the sodium salt of the pro* 
duct (2'buI phonic add) with sodium hydroxide and the calculated 
quantity of potassium chlorate at 450—470K under pressure. 



h 

O 

+ 3NaOH -V [O] 


I 

O 

Ditodio dcriv. of Alizaila 
+ Na^O, + 2H a O 


Properties. Alizarin forms ruby-red crystals (m.p. 560K)> It 
is insoluble in water and sparingly soluble in ethanol. It sublimes 
on heating and is, therefore, purified by sublimation. It dissolves 
in alkalis to give purple solutions of alizarates. Some important 
properties of alizarin are : 


(*) On oxidation with MnO. and H t SO d it gives purpurin — 
1, 2, 4-trihydroxyanthraquinone. Vigorous oxidation gives phtha- 
Uc add. 



(ii) On reduction with zinc dust and ammonia it forms anthra- 
robin (dihydroxy anthranol)—a valuable medicine for skin diseases. 


O 

n OH OH dH 

°"—OOCr 

0 

o 

Alizarin Anthrarobin 



(*w) It is a mordant dye aryl the colour of the lake depends on 
the metal used. Alu m i nium gives a red lake (Turkey red). Ferric 
give a violet-black lake while chromium salts give a browns 
violet lake. 
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Aluminium and iron lakes are used for dyeing and printing 
cotton doth. Aluminium and chromium lakes are used for dyeing 
wool. 

Structure, (4) Molecular formula of alizarin as deduced from 
Mi analytical dam and molecular weight determination is CuH«0 4 * 

(it) When distilled with zinc dust alizarin gives anthracene. 
This shows that it is a derivative of anthracene. 

(44s) Anthraquinone on heating with a calculated quantity of 
bromine gives dibromoanthraquinone which on fusion with potas¬ 
sium hydroxide gives alizarin. This shows that it, is (Myiroxyos^ 

amnulnmi m 

(4v) Alizarin on vigorous oxidation yields phthalic add. This 
■hows that the two hydroxyl groups are mi the same ring —the ring 
which is destroyed during oxidation, otherwise either hydroxy- 
phthalic add would have been produced or the whole molecule 
would have been broken down completely. 

(r) The relative positions of the two —OH groups may be 
1:2-, 1 : S- v 1 :4or 2 :3-. 

(vi) Alizarin is obtained when phthalic anhydride is heated 
with 1, 2-bcnzendiol in the presence of a little concentrated sulphurio 
add at 400K 



1, 2-benzenedioI Alizarin 

The two hydroxyl groups in alizarin must, therefore, be in the 
apposition, i.e», 1 : 2- or 2 : 3-positions as shown in structure I 
and 11 given below : 



I N 


(vm) On nitration alizarin gives two isomeric mono-ni fro deri¬ 
vatives, both of which on oxidation yield phthalic add. This 
■bows that nitro group is an the same ring which carries two hydroxyl 
groups. 

Out of die two potciblc structures I and D for alizarin given 
Above only the formula X admits the formation of two iaomeric mono* 
akro derivatives given below :' 
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This shows that the formula I represents the comet structure 
of alizarin. 

9. Phe nant h r enc, Phenanthrene is isomeric with 

anthracene, It occurs in coal-tar to the extent of 4 per cent. It is 
present along with anthracene in the Green-oil fraction of coal-tar. 
In the structural formula of phenanthrene, various carbon atomz 
are numbered as shown below : 



Isolation. Phenanthrene is isolated from the anthracene oil, 
a fraction of coal-tar collected between 540 and 630K. The solid 
cake obtained on cooling anthracene oil contains anthracene, phenan- 
threnc and carbazole. This is powdered and phenanthrene present 
in it is extracted with solvent naphtha. The Solution obtained on 
evaporation leaves phenanthrene. 

Properties. It is a white solid (m.p. 372K) insoluble in water 
but soluble in alcohol, ether and benzene. Its solution in benzene 
■hows a blue fluorescence. 

Chemically it behaves like other aromatic hydrocarbons and 
gives both addition and substitution products. It is very reactive in 
the 9 : 10-position. Some of its important p r op erti es are : 

(I) Reduction. On catalytic reduction with H, (using CuO-f- 
Qr a O a (as catalyst) it gives 9 : 10-dihydrophenanthrene. 


H, H, 



Phenanthrone 9: 10 -dihrdropben an throne 


(*») Reaction with Bromine. It adds bromine to give 9 : 110, 
ph cn a ndn ene dibromlde aa badly as an ethylenic compound. When 
treated with bromine In p resen ce of iron (halogen carrier) it gives 
9-bromophenanthrene. 


Br HBr H 
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fir 



^BramophciuiitlMM 


9-Bromophniuithreiie b used in the preparation of other 
derivatives. For example/ 

CuCN H*0 

9»Btohk> dcriv.--► 9-Cyano deriv.-► ^-Carboxylic add 

Hut 

(M) Oxidatio*. On oxidation with dichromate in glacial acetic 
add it gives phenanthraquinone which on further oxidation with 
dichromatc and mlphuric add gives diphenic add* 


O O 
U M 



(h) With 090M. Phenanthrene gives a mono-ozonide which on 
oxidation gives diphenic add. 
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taw Type: 


QUESTIONS 


I. Describe the Uolition of anthracene from coal-tar. Discuss the 
structure of anthracene. How would you convert anthracene to anthraquinone 
«ttd alizarin 7 (Maraihwada B.Sc.1973) 

2% Discuss the evidence both analytical and synthetical on which the 
structure of anthracene is based. 

3. Discuss the preparation, properties and constitution of alizarin. 

(Delhi B.Sc 1972 ; Vtkal 1976 ; Kerala 1973 ; Madras 1974) 

4. (a) Explain with reactions which positions in anthracene are mors 
reactive. Why is ft ao 7 


(A) How are the anthraquinone and enthrone prepared 7 


9. Starting with naphthalene, describe the manufacture gf an impor¬ 
tant dye. 

i Give important reactions of anthracene and pbenanthrene. 

Short Answer Type : 

1. Give the mechanism of electrophilic substitution in anthracene. 

2. Which is the most stable carbocation obtained from anthracene 7 

3* What happens when anthracene undergoes (0 chlorination, (10 nitra¬ 
tion, (49) sulphonation, (fr) Oxidation and (r) reduction 7 

4. How will you convert anthracene to alizarin 7 (Bangalore B.Sc. 1974) 

5. What happens when anthraquinone is (0 reduced, (V) nitrated and 
(d) sulphonated? 

4. Indicating each step clearly, give a scheme of synthesis or 
pbenantharanc. (Delhi B.Sc. Hons. 1973) 

7. Give explanation or the reactivity of 9 and 10-positkrai in anthracene 
nucleus. (Delhi B.Sc. Moms. 1978} 
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Heterocyclic Compounds—(i) 


1. Introductory.—Heterocyclic compounds are cyclic conn 
pounds in which the ring includes in addition to carbon atoms qw 
or more polyvalent atoms other than carbon (Greek, ZFetero—other, 
different). These other elements are oxygen, nitrogen and sulphur. 
Some of the heterocyclic rings are readily opened and do not possess 
aromatic properties, tjg. 9 ethylene oxide, y- and 8-lactones. These 
are not considered to be heterocyclic compounds. 


CH,. 

GH,/ 


O 


Ethylene oxide 


R.CH.CHj.CHj.CO 



y-Lactonc 


Heterocyclic compounds are those five- or six-member heteron 
cyclic ring compounds which are stable and possess aromatic pro* 
perties. Some common heterocyclic compounds containing five* 
member rings are furan, thiophene and pyrrole. 



Furan Thiophene Pyrrole 

Each one of these behaves as a resonance hybrid of different 
structures. For convenience their hybrid structures are represented 
as given below : 


® («) © 

H 

Furan Thiophene Pyrrole 

2. Furan, Oxmcyclopenta-2,4-dlene (furfuran ),—fa uran derives 
its name from furfur (Latin == bran) because its aldehYde furfural is 
prepared by distilling bran with hydrochloric acid. It contains one 
oxygen atom in its ring. The positions of side-chains or substituents 
are indicated by Greek letters or numbers, number 1 being given 
to the oxygen atom. 


h6-&H 


P' p 
HC-CH 


HC CH 

V 


II R 
HCa' *CH 


\/ 


O 
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In all heterocyclic compounds containing one hetero-atom, number 
J is always given to the hetero-atom, i.e., numbering starts at the heteio 
atom always . 


Thus there are two mono-substituted derivatives of furaii, viz., 
2 or a, and 3 or p. Similarly there are four disubstitution products, 
2 : 3 (a : p), 2 : 4 (a ; p'), 2 : 3 (k ; «*') and 3 : 4 (p : p'). 

Faran as a resonance hybrid. Furan behaves as a reson¬ 
ance hybrid of the following five resonating structures (I to V). 
It has a resonance energy of 71*1—%*2 y mol" 1 . Since to be aromatic, 
a monocyclic molecule must be planar and have (4n-t- 2) ir electrons. 
Out of the six electrons needed for the purpose two electrons are the 
lone pair of electrons of oxygen. As evaluated from its NMR data, 
furan is less aromatic than benzene. 


o - g.-j? 


-O' 


I II III IV V 

{Main contributing etruriuren to 
the resonance hybrid) 

Canonical structures carrying no charge aTe more stable than 
those carrying unlike charges. Among the charged structures, the 
larger the charge separation, the less stable is the canonical structure. 
Accordingly II and III are more stable structures than IV and V. 
Hence, 1, II and III are the main contributing structures to the 
resonance hybrid and consequently the resonance hybrid has a larger 
electron density at position 2 (or 5) than at 3 (or 4). 


Preparation, (i) Furan is obtained by distillation of wood, 
especially pine-wood. 

(ii) Dry distillation of mucic acid gives furoic acid which when 
heated at its b.p. yields furan. 


COOH 

I 

(CHOH) 4 

CjOOH 
Mucic Kid 


Dry 

distil. 


HG—CH 
II II 

HC G.COOH 


-CO, ; 
-JHgO 


\/ 

O 


Furoic acid 


Heat 


—CO* 


HC——GH 
II II 
HC CH 

Y 

Furan 


(»**) Furfural ou oxidation gives furoic acid which on healing 
decarboxylates to give furan. 


HG—CH 
II II 

HC C.CHO 
\/ 

O 

TOC—ni-3‘83-1 


gto^MTlU, 

Furfural Furoic add Furan 
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Attack at position 3 gives a carbocation which is the re¬ 
sonance hybrid of two structures l and II. Attack at position 
2 yields a resonance hybrid of three structures III, IV and V. The 
extra stabilization conferred on the latter hybrid by larger number of 
resonating structures resulting in greater spreading of charge mnl tf i 
this carbocation more stable. 


Hence 2-substitution will be favoured, since it results in tbe 
formation of a more stable carbocation. 

Furan ring is more reactive than benzene. This is because of 
the donation of the oxygen lone-pair as a result of which furan ring 
becomes activated. Thus furan undergoes substitution reactions more 
readily than does benzene. Substituents enter 2- or 5-position. If 
both of these positions are occupied, the substituent enters the 
3-position. 

(t) Nitration and Sulphonation, Furan is very readily 
attackrd by concentrated acids and probably the oxonium salt ia 
involved. Attempts at direct nitration (with acid mixture) andsul- 
phonation results in the formation of resinified products. However, 
2-Nitrofuran is obtained by nitrating it with acetyl nitrate. 2-Sul- 
phonic acid may be prepared by treating furan with pyridine 
sulphur trioxide. Sulphonation can, however, be carried out directly 
if a group with —I effect is present in the ring, e.g. 9 furoic acid can 
be directly sulphonated to 5-sulphofuroic acid. 


M 

Furoic acid 


h,so 4 


COOH 


HO.stLjl 


COOH 


5-Sulphofuroic acid 


(tt) Halogenation. Furan readily reacts with halogens but 
polymerisation is caused by the halogen acid liberated during the 
reaction. Because of this difficulty, halogeno-dcrivatives are obtained 
indirectly. For example furoic acid on bromination gives 5-bromo- 
furoic acid which on decarboxylation yields 2-bromofuran. 


gu, -- jgu»— jgi 

Furoic acid 5-Bromo- 2-Bromo- 

furoic acid furan 

However, direct chlorination of furan has been found possible at 
"530K when it gives 2-chlorofuran and 2, 5-dichlorofuran as the 
main products. 

(iii) Gattermann reaction Furan undergoes Gattermann 
reaction when treated with a mixture of hydrogen cyanide and 
hydrogen chloride in presence of aluminium chloride, followed by 
decomposition of the complex produced with water and furfural is 
obtained. 
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Aid* 

ttOt-fttQ.f-♦HN-OUQI 



A1C1, 

+NH-CRC1-►RCl-i- 



CH-NH 


-O 


+NHf 


(it) Fried el-Crafts reactions. Since aluminium chloride 
attacks the ring, stannic chloride is used in its place to canry on 
Triedc 1-Crafts reactions. Alkylation reactions with furan result in 
pol)n ciisation and are, therefore, not possible. Acylation can, 
However, be brought about with acid chlorides or anhydrides using 
•tar.rm chloride as tatalysl. Boron trifluoride in ether (exists as 
coztplcx Et,0 4 —BI^) has proved to be a better catalyst in acylation 
with anhydrides. 


rnj + CH,COCI f J^(Tj) COCHi +HQ 

(r) Mercuration. When heated with mercuric chloride in 
jAcqueous sodium acetate, furan gives 2- chloromercurifuran. The 
crercuri-group can be readily replaced by bromine, iodine or an 
acyl group. 



(«') Reaction with n- butyl-lithium. Fuian gives 2-lithium- 
hiran when treated with n-butyl-lithium. This gives the usual 
reactions of organo-lithium compounds, e.g with carbon dioxide 
it giNes fujoic aud. 



(ait) Gomberg reaction. Furan on treatment with diazoniuxn 
•alts in alkaline solution, gi\es ary Hut an (Gwmbe*g nuction). 




RETROCYCUC CQU* OUNBS-CO 3 4 

3, Furfural, 2FBrmncirharfiekyi? t 5 ^ IfitraldBhjrdt 

(OzQcylopenta-2+ 4-diene-2-carbaMehyde) 

Preparation, (i) By distilling 9 pentose with dilute sulphuric 

add 

DU, B*S0 4 r-- 

GH u OH.(GHOH) |( CHO-► +3H.O (as.) 

Pentose Distil ^ Q /CHO 

Furfut dl 

(it) Uy treating husk or bran (rich in pentoses) with dilute sub 
phuric add followed by steam distillation ( manufacture ). 

Properties. It is a colon less oily liquid (b.p. 433K.J. Ghemi* 
eally it resembles benzaldehydc closely as shown by its various 
reactions given below : 

(i) Oxidation and Reduction Oa oxidation with silver oxide 
furfural yields furoic acid while on reduction it yields furfuryl 
alcohol. 

1! no JJcH i OH — ([>0 (nj G0 OH 

Furfuryl alcohol Furfural Furoic acid 

(t») Cannizzaro's reaction. With aqueous sodium hydroxide 
it forms furfuryl alcohol and furoic acid. 


U 


+NaOH 


JHaOH 


GOON* 


(Hi) With ammonia. Furfural reacts with ammonia to form 
furfuramide, (C B H 4 0) 8 N 2 (c/. C B H s CHO). 

3G*H 4 0 +-2NH,-> (C 4 H 4 0} 8 N S + 3H 2 0 

Furfural Furfuramide 

(fi>) With alcoholic KON , furfural gives furoin which on oxi¬ 
dation gives furil (of. benzoin condensaiion which on oxidation gives 
benzil). 

OCHO-OcH-cO- Oc-cO 


Furfural 


OH O 
Furoin 


o o 

Furil 


(e) .Perkin’s reaction. It undergoes Perkin's reaction, e.g. $ 
with sodium acetate and acetic anhydride it gives furylacrylio acid 
(c/. benzaldehyde). 


o 


CH a COONa 


Vq /CHO + (CHjCO)fO 
Furfural 


GH-CH.COOH 


Furyiacryllc acid 
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(w) Olaisen condensation. Like bcnzaldehydc furfural under, 
goes Claisen condennfion. 

Teat*, (i) It gives a red colour with aui/ine and hydrochloric 

tetd. 

(if) It turns a pine sphnt moisuned with hydrochloric acid 
green (cf. furan). 

Uses, (i) In the picparatiun of dyes, plastics and maleic acid, 
(it) As solvent in the manufacture of synthetic lubber. 

(fit) As an extraction liquid in petroleum refining 
(iv ) As a pr^st ivanvc Inr Jcaiher and wood. 

(r) As a reagent >n chunking purity of ghee. 

4. ThiOphcne, Thiacyclopcnta-2,4* diene, C 4 H 4 S—Thiophene 
contains one sulpli* i purr i ' its ring. The positions of side^chains or 
subs tit ut ms inthirjlrre aie indicated by Greek letters or numbers 
bi given below ; 



Thtir is a dose similarity between tluopheri and benzene. 
For cxamplr, lit <* b< nr.rne thiophene can be easily sulphonated, 
nitrated and chlorinated, 1 his < lose similarity betwc cn the two has 
resulted in a similar i.nmcnrlatmc, 

r)- O"’ P* 

2-thienyl 3-thenyl 2-thenoyl 

(cf. phenyl) (cf. benzyl) (cf. benzoyl) 

Preparation. (i) From coal-tar. Benzene obtained from 

coal-tar contains thiophene. It is difficult to separate them by frac¬ 
tional distillation as their boiling points are very close to each other. 

The mixture is shaken with cold concentrated sulphuric acid 
when thiophene gives thiophenesulphonic acid which is dissolved 
out in water. Thiophenesulphonic acid is treated with superheated 

to recover thiophene. 

A better method of separation is by refluxing the mixture 
with aqueous mercuric acetate when thiophene is mercurated and 
benzene remains unaffected. Mercurated derivative is distilled with 
hydrochloric add to recover thiophene. 
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(»») Matufastwe Tniopheae if atiatibctured by pining a 
mixture of acetylene and hydrogen sulphide through a tube con¬ 
taining Al,O a at 670K. 


Cli 

21 + H,S 

C'H 


HC-GH 

II II 

HC GH 


\ S / 


+ H, 


It is also manufactured by reac ion between n-butane and 
sulphur in vapour phase. 

920K 

C«H ln + 4S-•+ C 4 H,S+3H B S 

(iti) Laboratory Math* 4 . fhioph^ne may be prepared in che 
laboratory by beatirg sodin'n mccinatc with phosphorus trisulohide. 

GHfCOONa CH-CH 

1 I yS 

CHjV.OO Va CH^GH^ 

Prop^rtie*- Thiophene is a colourless liquid (b.p 357K) smell¬ 
ing like benzene. It is insoluble in water but soluble in organic 
solvents^ It does not show basic properties and is stable towards 
aqueous aJds. 

Chemically thiophene resembles benzene rather closely. As 
compared with furan and pyrrole, it is comparatively more stable. 
Its important reactions arc : 


(1) &M&djfufi 0 Mi reactions. Like furan, thiophene undergoes 
electrophilic substitution. On the basis of charge distribution and 
Stabilities of the carbocations, the electrophilic substitution would 
be expected to take place at position 2 (or 5). This is what actually 
occurs in practice. Nitration with fuming nitric acid in acetic anhy¬ 
dride gives 2-nitrothiophene. Sulphonation with cold concentrated 
sulphuric acid gives 2-sulphonic acid. Chlorination results in the 
formation of both substitution and addition products. However, at 
240K, 2 chloro- and 2, 5-dichlorothiophene are the main products. 
On bromination with .AMiromosuccimmide it gives 2-brumothiophene 
and 2-iodothiophenc is obtained with iodine in presence of yellow 
mercuric oxide. 


l-Lgjlo.H 

2-Thiophene- 
sulphonic acid 


cold, cone 

h,so 4 



fuming 

HNDb 


io acetic 
anhydride 


CL 

2-N 1 1 ro lh i ophec e 


^ Cc, + 

2-Chloromercuri- 2-ch loro- 

thiophene thiophene 



5-Dichloro- 
thioph enc 
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f2) Frifjel-Cra/U reaction, like benzene, thiophene give* 
Friedel-Crafti reaction in presence of stannic chloride. For example* 
it is readily acylated in 2-position when treated with acid chloride in 
presence of SnCl| or better with acid anhydride in pretence of phot* 
phone acid. 


[l j] + (CH.co),o H --V [PIJcoch, 

Msthyl 2-thienyl ketone 

(3) GWf>romti\yW.ion and FormylatUm. rhiophene may be 
ohloromethylated (with HCHO -|-HCl) and formyiated (with di¬ 
methyl formamide and POCI a ) in 2-position. 

U — gu. 

2 -chlononipthyl thiophene 

(4) MwuroAion, On mercuratiou with mercuric chloride in 
the presence of sodium acetate (small amount), it gives 2-mercuri- 
chloride as the main product. 

0 c^nT CJJhsQ 

2-nwrguri-chlorid 0 

(5) deduction. Catalytic hydrogenation of thiophene using 
large amount of the catalyst gives tetrahydrothiophene (thiophan). 
On reduction with sodium in liquid ammonia it gives 2 : 3- and 
2 : 5-dihydrothiophene. 






2 ; <*- 2:3- 

di hydro thiophene 


tetrahydrothiophene 
( thiopkan , thiolan) 


Catalytic reduction of thiophene with Raney nickel as catalvst 
gives n-butane as thr main pioduct, i.e , it results in the removal of 

sulphur. 


Raney Ni 

--> CHj.CH a .CHj.CH # ~}“Ni5 

(6) Thiophene does not behave like ihioethers. It does n* t 
from sulphonium salts and cannot be oxidised to aulpboxidc or 
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sulphone. Tetrahydrothiophenc on the other hand behaves like true 
thioether and is oxidised to sulphone. 


ftC SB * M iG 

Thlophaoe Sulphone 

(A true thioether) 

This shows that thiophene which has alternate double aud 
single bonds is aromatic in character. This aromatic character 
vanishes with the disappearance of these double bonds in thiophan. 

Oxidation with hydrogen peroxide, however, results in the 
opening of thiophene ring with oxidation of sulphur to sulphuric acid. 

(7) Formation of lAthium derivative. Thiophene on treatment 
with n-butyblithium in ether, gives 2-Iithinmthiophenc. It is useful in 
the synthesis of various 2-substituted thiophenes. 



UL 


(0CO, 

■ 

ftfi H + 


igjIcoOH 


Various derivatives of thiophene may be obtained from the 
monobromo-derivatives. For example. 


n—n --- n 

Br ^ g ^MgBr (r/)HCl ^g^COOH 

(8) Indophenin reaction. On treatment with isatin and sul¬ 
phuric acid, thiouhen gives a blue colour (Ttst). 

Thiophene as a resonance hybrid. Thiophene behaves as 

a resonance hybrid and its resonance energy is 117—130 kj mol" 1 . 
Like oxygen atom in furan, sulphur atom in thiophene contributes two 
electrons to form a (4n +2) w-electron molecule. In comparison to 
oxygen and nitrogen atoms sulphur is less elerti onegative and it can 
also use3d-orbitals. On account of these facts more canonical forms 
arc possible for thiophene than for furan or pyrrole. In the canoni¬ 
cal forms of thiophene given below, in group (a) structures, the 
sulphur atom uses p -orbitals whereas in group f b) strutturcs it makes 
use of its rf-orbitals also. 



(a) 


W 
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5. Pyrrole, Axacyclypents-2,4-diene C 4 H 4 N.—Pyrrole is mi 
important heterocyclic com »ound having a five-member ring con¬ 
taining a nitrogen atom Various atoms of the ring are numbered as 
follows : 

P P 

HC 4 —*CH HG-CH 

fl II or ‘ || || 

HG 4 S CH HCot' aCH 

\i/ \/ 

NH NH 

It occurs in coal-tar and bone oil 

Preparation, (t) Isolation from bone oil. Bon,* oil is washed 
with dilute alkali to remove acidic substances and then with acid to 
remove strongly basic substances (pyridine bases) and finally fractio¬ 
nated. Pyrrole distils over in the fraction boiling between 370 and 
420K. This is fused wiih potassium hydroxide. Solid potassiopyrrolc 
is formed which on steam-distillation yields pure pyrrole. 

steam 

C 4 H 4 NK+T!*0 -C 4 H 4 NIi -fKOH 

Potassio- distillation Pyrrole 

pyrrole 

(»•) By distilling a mixture of ina<,ionium mucate and glycerol at 

470K 

(CHOH),COONH, glycerol 

| -. C 4 H s N + 2C0 2 +NH,+4H..0 

(CHOH),GOONH 4 470K Pyrrole 
Amm. mucate 

(*«) Pyrrole is formed on disti’ling succinimide with zinc, dust 

jO on 

CH,C' CH- c. 2n CH=CH, 

! ;.NH-► | X NH - ! )NH 

CH,C^ CH=C/ CH=CII 

x O x OH 

Succfnimide Enol form Pyrrole 

(keto form) 

(fr>) It may be synthesised by passing acetylene mixed with ammonia 
through a red-hot tube. 

2Cyrf 8 +NH a - C A H fi N+H f 

( v ) Manufacture. Pyrrole can be manufactured by passing a 
mixture of furan, ammonia and steam over heated alumina (catalyst). 



Properties. It is a colourless liquid (b.p. 404K) sparingly 
soluble in water but readily soluble in alcohol and ether. It rapidly 
darkens on exposure to air and finally forms a resinous mass. Vapours 
of pyrrole turn a pine splint moistened with hydrochloric acid red. 
Pyrrole derives its name from this characteristic reaction (Greek r 
red ; Latin : 0fetwn«oil). 
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Chemically It shows the reactions of aromatic compounds. 
It is less aromatic than thiophene but more aromatic than fiiraa* 
Some important reactions of pyrrole are : 

(0 Basic nature. Nirogen atom in pyrrole contributes its 
lone pair of electrons to form a (4n+2) w-electron molecule. Because 
of this contribution, the availability of the lone pair of electrons of the 
nitrogen atom for protonation is very much decreased. As a result of 
this pyrrole is a very v.cak base { cf . aniline). However, in acid solution, 
protonation also occurs at the 2- and 9-positions, and in concentrated 
solution pyrrole polymerises (to form pyrrole-red). 



(«) Replacement oj imino-hydroger i The imino-hydrogen of 
pyrrole it* replaced by sodium, potassium, alkyl or acyl radicals. For 
example, on heating it with solid caustic potash, potassiopvrrole is 
formed. 

C,H,NH-fKOH C 4 H 4 N-K++H p O 
It reacts with acetyl chloride at about 350K. to give JY-acctyL 
pyrrole With methyl iodide at 330K it forms A"- methyl pyrrole. 


O HI —o 

X 330K 350K ^ 

ch 8 it cogh„ 

A-methyi pyrrole A-acely! pyrrole 

These reactions when carried out at higher temperature! 
(420-490K) give the 2- or 3-substituted products in place of the 
AT-compound. This is probably due to the rearrangement of the 
AT-compound first formed. 

(m) Resemblance with Phenols ; Fotassiopyrrole reacts with carbon 
dioxide to form 2- and 3-pyrrolccarboxyIic acid (cf. Koibe-Schmitt 
reaction). 


+ OcoOH + 

K H 

2-Pyrrole- 
carboxylic acid 

Pyrrole reacts with chloroform to yield 
(#. Reimer-Tiemann reaction). 



3-PyrroJecarboxylic 

acid 

Pyrrolecar bal dehyde 



GHQj,+3NaOH-► 


OcBO 


+3NaCJ+H l O 


H 

2-Pyrrolecarb*ldehyde 
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(<•) Halogmation. It is easily halogens ted. For example, with 
iodine solution it gives tetraiodo-pyrrole (iodole) used as a substitute for 
iodoform. 

0 +4, -~ lOl + 4HI 

H H 

lodole 

(•) Coupling. Like phenol, pyrrole couples with diazonium 
salts In the 2-position in weakly acid solution. In alkaline solution 
Coupling takes place in 2- and 5- positions to give bisazo-compound. 


o 

H 

Pyrrole 

O 


CfH»N|C] 

Alkaline 

solution 


C«HgN|Cl 


'N' 
H 


2,H 5 N= nUn-C.H, 

H 

Bisazo-compound 

a.™ 


N 

H 


acid soln. 

lOupling takes place in the 3-position if the 2- and 5-positions are 
01 free. 

(es) Nitration. With nitric acid in acetic anhydride at 269K 
pyrrole gives 2-nitropyirole. 


C 

not 


o 


HNOs in 


"N 

H 


(CHgCO)flO at 26 «K 


UL 


“N' 

H 

2-nitropyrrole 

(oif) Sulpkonation. With pyridine-sulphur trioxidc in ethylene 
chloride, pyrrole is sulphonated to give the 2-sulphonic acid. 


O 


H 


Pyiidine-SO* 
In CiH 4 C) s 


a 


SO.H 
H 

2-PyrroIesulphonic 

acid 


(nisi) Bing expansion. When treated with sodium methoxidc 
methylene iodide pyrrole gives pyridine (six-member ring). 


O 


+2CH t ONa+CH 1 I i 


*N 

H 


-o 


+2NaI+2CH,OH 


N' 

Pyridine 


(is) Oxidation. When oxidised with chromium trioxide in 
sulphuric add pyirole gives maltirimide. 
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HC-CH 

I II 

HC CH 

\/ 

NH 


|0J 


HC-CH 


CrO|*f HjSO| 


OC CO 

\/ 

NH 

Malcicimide 

(») Reduction, Pyrrole on reduction with zinc and acetic acid 
gives pyrroline (2 ; 5-dihydropyrrole). With nickel at 470K (cata¬ 
lytic reduction) pyrrole gives pyrrolidine (tetrahydropyrrole). 

HjC-CH, H|/Ni HC-CH Zn+ HC~~CH 

H,i dan, **70K HC CH CH.COOfT Hgi dsH, 

\ N / \ N / '''N/ 

H H H 

Pyrrolidine Pyrrole Pyrroline 

[vi) Reaction with Qrignard reagent. When pyrrole is treated 
with methyl magnesium iodide AT-pyrrylmagnesium iodide is formed. 
This behaves as if the magnesium were combined at the 2- position 
since it yields 2>substituted pyrroles. 

O —- 0-0 


*N 
H 

Pyrrole 


OU + U 


.CH. 


*N‘ 
Mgl 

jV-Pyrryl- 

magnesium 

iodide 

i i 
i i 


n ^cooh 

H 

2-Pyrrole- 
carboxylic add 


2-methyl 
ole 


CH*I C1COCH, 

N 

3-raethyl 
pyrrole 

Pyrrole as a resonance hybrid 


O 


n ^'coch, 

2-Pyrryl methyl 
ketone 

Pyrrole behaves as arcro-) 


nance hybrid of the following five resonating structures (I to V) but J 
the main contributing structures arc I, II and III. Its resonance 
energy is 87*8—130 kj mol' 1 . 


0 - Q-JQ - 

a h u 



i ii rn 

For convenience the hybrid structure is represented as given 
below and means a hybrid of structures I to V. 
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Itt the orbital picture of pyrrole, each atom of the ring (C or 
K) U held by <t bonds to three other atoms. These bonds resalt 
from the overlap of 
three ap* hybrid or¬ 
bitals of each atom 
tying in a plane and in¬ 
clined at 120°. There 
is one p-electron left 
with each carbon atom 
and two p electrons 
with the nitrogen 

atom. Overlap of 

these p-orbitals gives 
rise to <r electron 
clouds (one above and 
one below the plane 
cf the ring) which con¬ 
tain a total of six elcc- Fig. 47' 1 —Orbital structure of pyrrole with 
irons, the aromatic electron clouds above and below the plane 

^riff of the pyrrole ring. 

Stability of the pyrrole ring is due to delocalization of the tc 
electrons. The stability of the ring is reflected by its abnormally low 
heat of combustion and its capacity to undergo substitution reactions. 



Furan and thiophene resemble pyrrole in structure Oxygen 
atom in ftiran and sulphur atom in thiophene are both sp® hybridiz¬ 
ed. In both the hetero atom donates two electrons to the aro.uatic 
sextet and carries an unshared pair of electrons in an ap % orbital. 



(*) (b) 

Fig. 47*2—The orbital structures of [a) furan and ( b ) thiophene. 


Orientation of Substitution Reactions in Pyrrols. In our ' 
study of electrophilic aromatic substitution we could account for 
orientation on the following basis : the controlling step is the attach* 


HsrmocYcuc compounds~(o 
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of the electrophilic reagent to the aromatic ring which t«*kes 
{dace in such a way as to yield the most stable intermediate carbo- 
cation. Let us apply this very approach to account for the reactions 
of pyrrole. 

Attack at position 3 gives a carbocation which is a resonance 
hybrid of structures I and TI Attack at position 2 yields a resonance 
hybrid of structures III, IV (which are analogous to I and II) and V. 
The extra stabilization conferred on the latter hybrid by V makes 
his carbocation more stable. 


0 

H 



m 


IF 


More stable caibocauon 

In a different explanation, attack at position 2 is faster because 
llie developing positive charge is accommodated by three atoms of 
cheering instead of by only two. 

Compared to benzene, pyrrole is highly reactive because of 
contribution by the relatively stable structure III in which every 
atom ha a an octet of electrons. Nitrogen accommodates the positive 
charge. Resemblance of pyrrole with aniline in reactivity is due to 
the ability of nitrogen to’share four pairs of electrons. 

Orientations of substitution in furan and thiophene as well as 
their^high reactivity can be accounted for in a similar way. 

6. Pyridine, Azabenzenr, C t H & N — Pyridine is an important 
heterocyclic compound containing a six-member ring. It may be 
regarded as oenzcnc in which one «=CH— group has been replaced 
by a=N— The positions of side-chains are indicated by numbers 
or Greek letters. 
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Pyndtne is a resonance hybrid of two Kekuie stmeturesaai three 
charged structures given on page 3 64. For convenience Us hybrid 
Uructure is represented as given below : 



Pyridine occuis in the light oil fraction of coal-tar and in bone 
oil. it is a decomposition product of several alkaloids. 

Isolation oi Pyridine from Coal-tar. Light oil fraction of 
coal-tar is treated with dilute sulphuric acid. This dissolves pyri¬ 
dine and other basic substances which form soluble sulphates. The 
acid layer is treated with sodium hydroxide when the bases are 
liberated. These are purified by rectification. The mixture of 
pyridine bases so obtained is use d industrially in denaturing spirits, 
and as a solvent in the purification of crude anthracene. Pyridine 
can be separated from this ^mixture of pyridine bases by repeated 
fractional distillation. 


Properties. Physical . Pyridine is a colourless refractive liquid 
(b.p. 398K) having an unpleasant odour. It is miscible with water in 
all proportions and is hygroscopic. It is a good solvent for most 
organic compounds and dissolves many inorganic salts. 


Chemical, Pyridine is basic in nature and resembles benzene 
in many of its properties. It is, however, less reactive and is only 
very slowly attacked by boiling nitric acid or chromic arid. Impor¬ 
tant reactions of pyridine are : 


(I) Basic nature. It is a strong tertiary base which give* 
salts with inorganic acids and forms quaternary salts when heated 
with alkyi halides. These reactions involve nitrogen directly and are 
due to its unshared pair of electrons. 


CsHftN.CH,}!- 
Pyridine raeihiodide 
or A-meihylpyn- 
dini urn iodide 


CH b 1 


Heat 


C.H 6 N 

Pyridine 


HC1 + 

-► GsHjNHJGl- 

Pyridine hydro¬ 
chloride or 
Pyridiniiun chloride 


The quaternary compound on heating to 570K forms 2- and 
4-methylpyridines. On treatment with moist silver oxide it gives 
jV-alkylpyridinium hydroxide, a strong base. 

+ AgOH + 

C|H 6 N.CH|}I-► C t H 6 N.CH t }OH- 

A-mettaylpyii- A-methylpyri- 

dinium iodide dinium hydroxide 

(a strong bass) 

(2) Electrophilic substitution in pyridine. It gives 
electrophilic substitution reactions and resembles a highly deactivated 
benzene derivative.- It undergoes nitration, sulphonal ion and halo- 

J citation only under very vigorous conditions and does not undergo 
riedci-Grafts reaction at all. Substitution occurs chiefly at 3- (or (s ) 
position. 
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Let us try to account for the reactivity and orientation on the 
baais of the stability of the intermediate carbocation (a-complex). 
Attach at the 4-pooition yields a carbocation which is a resonance 
hybrid of structures T. II and III. 



H 


EltctropMIc 



attack at 
4-potMoa 


m 

Especially unstable 
nitrogen has sextet only 


Attack at 3-position yields a carbocation that 
hybrid of structures IV, V and VI. 


is a i^sonance 





ElectropMUe 
attack at 


3-poffiUoa 


IV V VI 

(Attack at the 2-position resembles attack at the 4-position just 
as the ortho attack resembles the para attack in benzene ring.) 

Thus we find that an attack at 3-position yields a carbocation 
which is a resonance hybrid of three stable structures. Attack at 

2- or 4-position yields a carbocation which is a resonance hybrid of 
only two stable structures. 

The former being more stable, substitution occurs chiefly at 

3- (or {&-) position. 

All these structures are less stable than the corresponding ones 
for attack on benzene because of electron withdrawal by the nitrogen 
atom. As a result of it, substitution in pyridine is slower than in 
benzene. 

Out of the above structures. III is especially unstable since in 
it the electronegative nitrogen has only a sextet of electrons. Aj a 
result, attack at the 4-position (or 2-position) is especially slow and 
substitution occurs predominantly in 3-position 

Some important electrophilic substitution reactions are : 

(1) Halogenation. Pyridine undergoes halogenation just ns 
benzene but less easily. 

(») At ordinary temperatures addition occurs to form dihalides, 

a.*., CiHsNBrl Br“ ( 1-bromopyridinium bromide. 

TOC—ITI-3 83-4 
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(«) At 670K in presence of catalyst (pumice or charcoal) it forma 
a mixture of 3 bromopyridine and 3, 5-dibromopyridine (or 
corresponding chloro-derivatives). 



Pvru ie 


Br* p 570K 

-— » 

Charcoal 



3 -Tlromo- 

pymhnr 



h 5-DJbromo- 
pyrid’no 


(tit) At 77OK in presence of catalyst , it gives 2- bromo and 
6- dihromo-derivatives. 



Pyridir c 


Br B , 770K 
Charcoal 



2-Bromo- 

pyridine 



2, 6-Dibromo 
pyridine 


Halogen atom in 2- or 4-position is reactive and readily replaced 
by OH, GN, NH a etc. (e/., o- and /'-chloronitrobenzcne), 

(2) Nitration. On heating with cone. H 2 S0 4 and KNQ H at 
570K. it gives 3-nitropyridine 



3-Nitropyridine 


Pyridine reacts with concentrated nitric acid readily only when 
an OH Or NH B group is present in the ring. 


(3) Sulphonation. Sulphonation of pyridine is difficult, On 
heating with concentrated sulphuric acid at 6 J)K for some hours, it 
pives 3-pyridinesulphonic acid. 



Pyridine S-Pyridine- 

suTphonic acid 

(4) Redaction. Pyridine on reduction with sodium and 
ethanol gives piperidine. Electrolytic reduction or catalytic reduct 
lion using nickel also gives piperidine. On heating with hydriodic 
add at 57PK, the reduction is accompanied by ring fission to form 
n-pemmne and ammonia. 
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<V*s,+NH, «— 
•-pentane 570K 



,CH 

CH 


3-6i 



Piperidine 


(5) Nucleophilic substitution in pyridine. Pyridine ring 
resembles a benzene ring that contains strongly electron-withdrawing 
groups. Nucleophilic substitution takes place readily, particularly al 
the 2- and 4-positions. For example, a halogen atom at the 2- and 
4- positions is readily replaced by OH, ON, NH a , etc. 





NH S , 450- 470K 


Br 


'N 



2-Bromopyridine 

Cl 


2-Pyridinamine 


NH 



NH b , 450-470K 


"N 

4-ChJoropyridine 



4-Pyridinamine 


An important example of nucleophilic substitution is its 
animation by sodamide (Chichibabin reaction). 


o 

W 


4 Na + NH,- 


Heat 

NH, 



NaH 


NH, 


2-Pyridinamine 


Nucleophilic attack at 4-position yields a carbanion which ii 
a resonance hybrid of structures I, II and III. 





!K ;/. 


S J 


11 


H Nucleophilic 

attack at 
4-posltioo 

III 

Especially stable 
MfNffrr charge an nitrogen 
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(Attack at Ike 2-position is similar to attack at 4*position.) 

Attack at the 3-position yields a carbanion, which is a raw- 
nance hybrid of structures IV, V and VI. 



iv % v vi 

Substitution at 2- or 4-position is favoured since it results in the 
formation of a stable carbanion. 

All these structures are more stable as compared to the correr. 
ponding benzene derivaive* on account of the electron-withdrawing 
nature r>f the nitrogen atom Structure III is especially stable since 
the negative charge is located on the electronegative nitrogen atom 
which can accommodate it the best. Stability of these structures 
accounts for the nucleophilic substitution being more rapid in pyridine 
ring than in the benzene ring. Structure III being especially stable 
Xl is reasonable that nuleophilic substitution occurs more rapidly at 
the 2- and 4-positions than at the 3-position. 

Thus wc find the electron-withdrawing nature of nitrogen that 
makes pyridine unrcactive towards electrophilic substitution, makes it 
highly reactive towards nucleophilic substitution. 

Osm. Due to its strong basic property and solvent properties 
pyridine finds great use in organic chemistry. It is used : 

(1) In reactions wherein a halogen acid is produced or where 
n 'oolecule of halogen acid is to be removed to get unsaturated 
compounds, e>g., in acetylation, benzoyl a tion or removal of HBr 
from bromo-succinic ester (ale. KOH cannot be used as it would 
saponify the ester). 

(2) As catalyst in many reactions, e.g. t in the formation of a 
Grignard reagent, in Perkin and Knoevcnagel reactions. 

(3) As solvent. 

(4) In the manufacture of derivatives like vitamin S 6 and 
sulpha-pyridine (specific for pneumonia). 

(5) In denaturing alcohol and for exterminating plant pests. 

9- Structure of Pyridine.—(1) Molecular formula of pyri¬ 
dine deduced from its analytical data and molecular weight deter¬ 
mination is C b H 6 N. 

(2) Pyridine resembles benzene in many of its properties and thvs 
mkibils aromatic character . For example, 
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(I) It i i extremely stable towards oxidising agents like potass 
Siam permanganate, chromic acid and nitric acuL 

(#) Apparently an unsaturated compound, it gives substitution 
products with chlorine and bromine, 

(Hi) It can be nitrated and sulphonated. 

(to) Its amino derivatives can be diazotised and coupled in the 
usual way. 

(s) Its hydroxy derivatives exhibit true phenolic properties. 

(ot) Alkylpyridines yield pyridinecarboxylic acids on oxidation. 

(3) It combines with alkyl halides on heating to give quaternary 
salts, e.Q., TY-methylpyridinium iodide is formed with methyl iodide. 


CH,1 ♦ 

CiH 5 N-► C # H b NCH,}I 

Heat AT-inethylpyri- 
dinium iodide 

This suggest* the presence of a tertiary nitrogen atom in the 
molecule. 

(4) On catalytic reduction pyridine adds three molecules of 
hydrogen to give piperidine, a ring compound. 


Ni 

C 5 H s N + 3H,-► 



NH 

Piperidine 


This suggests the presence of ring containing five carbon atoms and 
f tertiary nitrogen atom . Addition of six hydrogen atoms suggests the 
presence of three double bonds. 

(5) Keeping these facts in view Korocr (1864) suggested the 
following ring structure for pyridine : 


H 

hA 


CH 


(6) 

OMibte 


HC CH 

as the formula of pyridine, there are throe 
ion products given below : 
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CH CH CX 



2-Dcriv. 3-Dcriv. 4-Dcriv. 


Pyridine actually gives three monosubstitution products and 
supports the proposed structure for pyridine. 

(7) This formula is further confirmed by the following synthesis 
of pyridine. 


(») By passing a mixture of acetylene and hydrogen cyanide 
through a red hot tuli . 


GH 


CH 

2 $h + HC2sN 

(is) By heating pentamethylenediamine hydrochloride when piper¬ 
idine is obtained and oxidising the latter with concentrated sulphuric 
acid at S70K. 



^CHj.CHj.NHj.HCI Heat 

CH / - 

X CH r CH I .NH i .HCl -NH 4 C1; -HC1 
Pentame thy lenediamine 
hydrochloride 

Cone. H|$0 4 


CH,< 


CH,—CH 


'\ 


at 570K 


CH,—CH/ 


)NH 


3[0] 



+ 3H a O 


Piperidine Pyridine 

(8) Present view about the structure is that pyridine is a 
resonance hybrid of the following two Kekulc structures and three 
charged structures. Its resonance energy is about 125'5 kj mol” 1 . 



i n in iv v 

all of these the lone pair of nitrogen atom is free to unite 
with a proton. This explains the formation of salts and quaternary 
compounds. 


In the oi bital picture of pyridine, the nitrogen atom like each 
©f the five carbon atoms is bonded to two other members of the 
ring by the use of two sp 1 orbitals and provides one electron for the 
ir cloud. In the case of carbon the third *p* orbital is used for 
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MR 



Fta. 47*3—Orbital itructurc of pyridine witli -n electron 
clouds above and below the Diane or pvridine nng and 
unshared pair of electron w^th nitrogen atom. 


bonding hydrogen whereas in the case of nitrogen it simply contain! 
a pair of electrons available for sharing with acids. This makea 
pyridine a much stronger base than pyrrole. 

8. Homologue* and Derivatives of Pyridine. —Three methylpyridiiMa 
called plcollnes are known. Six dimethvlpyridines 'called lutidfuei) and via 
trimethylpyridines icalled collidines) are a's o known. Monohydroxypyrldlnea 
are called pyridols. 3-Hydroxypyridine exhibits true phenolic nroperties. 


Three monocarboxylic acids are : 


COOH 



Picolinic acid Nicotinic acid /ro-Nieotinic acid 

9 . Piperidine, C B Hir>NH. --li occurs in the alkaloid pipeline 
and *ray be prepared by reducing pyridine with sodium and ethanol, 
electrolytically or cr^alytic.illy using nickel catalyst. 


o 


Na/CjHjOH 


+fir: 




"N" NH 

Pyridine Piperidine 

It may also be prepared hv heating pcntamerhylcuediamine 
hydrochloride 

CH 

ch _/CH 1 CH,NH..HCI ,^ t H.C | X | GH. 

>N -CH, CH, NH..HCI -NH.ri* 

Pcntameihylencdtamine —HC1 

hydrochloride _ 

Piperidine 


* J I V T 1^**1 

h.cL^^Jch, 

NH 
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Propertiii and Use*. Piperidine is ■ colourless liquid (b.p. 
379K) with a pfcpper-like smell. It is soluble in water, alcohol and 


It is a stronger base as compared with pyridine and gives the 
reactions of a secondary aliphatic amine. When heated with concen# 
tinted sulphuric acid at 570K, it is oxidised to pyridine. 



It is used as an accelerator in the vulcanization of rubber 


Bnay Type: 


QUESTIONS 


1. Explain the meaning of heterocyclic compounds. Give three examples 
drawn from the aliphatic series. Name three five-member heterocyclic com¬ 
pounds and compare their mode of preparation and properties. 


2. How would you prepare furan 7 What are its properties ? 

3. Whv would you expect furan to give electrophilic substitution 

reactions? Write down the principal canonical structures for the intermedi¬ 
ate (oj complex) involved at 2 and 3 substitutions of furan by an electrophilic 
rregent. ' (Delhi B.Sc. Hons 1982) 

4. Write the resonance structures of pyrrole, p>ridine and thiophene. 

How is thiophene separated from benzene and how do you test for thiophene 
In benzene 7 Write any other method used for its manufacture and mention its 
pcoperties. (Bangalore B.Sc. 1974) 


5. (a) Enumerate the important methods for the synthesis of pyrrole and 
i its main chemical properties. (Burdwon B.Sc . 1971) 

(6) Give principal products of reaction of pyrrole with the following 

reagents : 

(0 Nitric acid in acetic anhydride at — 


(if) Chromium trioxide in sulphuric acid. 

(Ul) Potassium iodide-iodine solution. 

(/*) Benzenediazonium chloride. (G.N.D. B.Sc. 1982) 

6. Describe the synthesis of the following compounds : 


(o) Furan, (b) Thiophene, (c) Pyrrole, ( d ) Quinoline. 

(Utkai B.Sc , 1976) 

7. Name the following reactions and write down the products formed 
ill each case : 


(0 



(/) HCN + HCl 

~ (OHiO 


oo (j n chci - ,koh . 

Sr 

m Ij j] ( c h,oo).o+ 

CH-COONa 


IDatU B.Se. Ham. mi} 
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t. Describe the structure af pyridine. How can it be converted into 

(a) piperidine, (b) n* pentane, (c) 3-nitropyridine ? 

[Delhi BSc. Hons. Sub. 1977 Supp.) 

9 . Why is pyridine basic ? Discuss tbs behaviour of pyridine towards 
electrophilic and nucleophilic reagents. { lidhra B.Sc. 1978 ) 

10. Discuss fully the structure or pyridine What Happens when it le 
treated with (a) Bromine, ( b ) Hit cone sulphuric acid, :md (c) Sodium in 
ethanol ? , Mhi BSc . 1976 Supp) 

11. What are heterocyclic compounds ? How is pyridine isolated from 
coal-tar ? How does pyridine react with (Q hot cone H t SO«, <//) Na/C^HjOH. 
(til) Br, ? (Delhi B.Sc, 1980) 


12. What is pyridine 7 How is it prepared from an open-chain amine 7 
What is the reaction of pyridine with the following reagents : 


(0 Sodamide, (/*) Butyllithium, (Hi) Qromine/carbon catalyst, (iv) Nitric 
acid, (y) Peracids 7 

How is the size of a nitrogen heterocyclic ring determined ? 

(Delhi B.Sc. 1979 Supp.) 

13. (a) What reactions would you perform to show the presence of 
tertiary nitrogen ia pyridine. 

(b) How would you explain that pyridine acts like a deactivated benzene 
* in 8 7 (Delhi B.Sc . Hons. 1982) 

Short Answer Type : 

1. Write the formulae for the following compounds : 


(/) 3-Chlorofuran. (if) 2-Ethoxythiophene. (Hi) 2-Methylthiophenc. 
(Iv) 3-Chlorofuran, (v. 3-Ethylfurrural. (ri) 3-Hjdroxypyridioe, (vii) 3-Methyl * 
pyrrole, (viil) 3-tert. Butylpyridine 

2. How will you prepare the following : 

(o) Furan from mucic acid. ft) Furil from furfural. 

(c) 1-Pyirolecarboxylic acid. (d) Pyridine from acetylene. 

(*) Pyrrole f r ^n succinimide. (/) Furan from furfural, 

(g) Pyridine from I, 5-pentanediamine 

3. Complete (he following sequence of operations and also give the end 
products: 


Anhy. A1C1| 

(0 Phenol+Acetyl chloride —^ (A)-——► 7 

Na+EtOH CH b 1 AgOH Heat 

(11) Pyridine-► (A)- > (B)-► (C) -► 


(D) - 


(0CH,I 


1 


(fa) AgOH (Hi) Heat 


(Bombay B.Sc. (271) 


4 . Pyrrole is more reactive than furan. Explain, why. 

3. Pyrrole is much more acidic than dimethylamine. Give reasons. 
6, Complete the following equations : 


» 



+ (CHjCOhO 


CHiCOONa 
-- (A) 
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tc) Pyrrole is treated with p-nIt robenzotte-diazon 1 um chloride 7 

(Madras B.Sc. 1978) 

20. Discuss the basicity or pyridine. (Kurukshetra B.Sc . 1978 Supp.) 

21. How will you arrive at the structure of pyridine ? 

(Kurukshetra B.Sc . 1978) 

22. Discuss electrophilic >nd nucleophilic substitution reactions of 

pyridine. (Kurukshetra B.Sc. 1978) 

23. What happens when pyridine is treated with bromine at 770K ? 

(Kurukshetra B.Sc . 1977 Supply 

24. [a) Compare the reactivity of pyrrole with pyridine. 

( b ) How do you account for the aromatic character in thiophene ? 

(c) How is pyridine tf-oxide obtained ? Give its various resonating 

structures. (Delhi B.Sc. Hons. 1979) 

ANSWERS 



4. (a) Electrophilic substitution in both of them occurs preferentially 

in 2* (or 5-) position. Electron density is higher in this position (see pages 
3'45-46 and 3'57). However, since oxygen is more electronegative than 
nitrogen, electron-withdrawing effect from these positions is expected to be greater 
in fbran than in pyrrole. As a result of it 2- (or 5-) position in pyrrole has 
higher electron density than in furan. 

Reference to resonance hybrid structures will show that oxygen atom in 
furan and nitrogen atom in pynole carry positive charge. Here again oxygen 
being more electronegative than nitrogen, resonating structures of furan in which 
oxygen carries positive charge will be expected to make smaller contribution. 

Hence as compared with pyrrole, electron-withdrawal is greater and 
dectttttMionaUon is smaller in furan. Combined effect of these two factors 
results in higher election density in position 2- (or 5-) in pyrrole which is, 
thmfore, more readily substituted or in other words is more active. 

We cah explain the same thing on the basis of stability of the concerned 
oubocation. In these oxygen and nitrogen atoms cany positive charge. Bui 
since nitrogen tom, being less electronegative, can accommodate the positive 
charge more readUy, pyrrole carbocation is more stable than the furan 
carbocation. Hence the former is produced more readily than the latter. In 
other words, pyrrole is more reactive than furan. 

9. In dlmethylamine proton release is hindered because or the +1 effect 
of the methyl groups. On the other hand in the resonance 
hybrid structure of pyrrole (Page 3-55), the nitrogen atom carries cH. -4-N^H 
} positive charge and this facilitates the release of a proton. i 

Hence pyrrole is more acidic than dimethylamine. T 

CH, 

This could also be explained in terms of the stability of the coqjugate 
base* Conjugate base of pyrrole being a resonance hybrid is more stable than the 
conjugate base of dimethylamine. Hence pyrrole is much more acidic than 



r» 


OROANIC.CHEMISTRY 

4 " <*> " (TjL.CHCOOH : <" <" “ |TjLQw. 




4 
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Heterocyclic Compounds —(ii) 


1. Condensed Ring Systems.—The heterocyclic compounds 
studied in the last chapter were simple ones and each contained one 
heterocyclic ring. There are some more important heterocyclic 
compounds in which a benzene ring is condensed with a five or 
six-member heterocyclic ring, e.g., indole, quinoline acd iso- 
quiooline. 



H 

Indole Quinoline laoquinolinc 

2. Indole. 1/f-l-Asaindene Bensopyrrole, GrHtN.—T he 
molecule of inliirj ls cnide up or a benzene ring fused with a 
pyrrole ring. To name its derivatives various atoms of indole are 
numbered as follows : 



Resonance hybrid 
structure 

It occurs in coal-tar, jasmine flowers and orange blossoms. It 
is the parent substance of indigo. 

Synthesia. Indole may by synthesised oy any of the following 
methods: 


(t) Lipp’a synthesis (1804). By heating o-amino-w-chlorostyrene 
with sodium ethoxide. 



^CH^CHCl C«H B ONa 

JXH, Heat~* 

0-ami ao-o-chlorostyrene 



i i 


“N‘ 

H 
Indole 

( h ) By heating formyl-o-tolvidide with potassium allcoxide 


Formyl-u-toluidide 



Indole 
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(tis) By reduction of o ^nitrophenylacctaldehyde ivith iron powder 
tend sodium bisulphite solution. The amino compound produced 
changes to indole spontaneously. 

r^ N [|Cw t .CHO 

kjko, 

o-Nhrophenyl- 
acetaldehyde 


[H] 


i^^ch m .cho -i 

* 

0 - Amino phenyl- 
acetaldehyde 





-CH 


\ N / 


GH 


H 


Indoleninc formula Ordinary Indole formula 

Properties. Indole is a crystalline solid (m.p. 325K) giving 
plate-like crystals Impure indole has a strong unpleasant faecal 
odour while pu r e indole in dilute solutions has pleasant smell and is 
used in perfumery for preparing jasmine and orange blossom blends. 

Chemically indole resembles pyrrole in many of its properties 
It ia oxidised by o?one to indigotin. Indole solution imparts a 
cherry-red colour to pine shavings moistened with alcohol and hydro¬ 
chloric acid. 


Electrophilic substitution in indole normally occurs in the 
i-poaition. However, if this position is blocked, substitution takes 
place in 2-position and if both 2- and 3-positions are occupied, 
substitution occurs in the benzene ring at 6-position. For example, 



H H H 

VAIoto indole Indole 3-IodotaMe 


(is) On treating indole mixed with sodium ethoxide with ethyl 
nitrate, 3-nitroindolc is obtained. On the other hand, nitration of 
2, 3-dimethylindole with acids mixture gives the corresponding 
b- nkro derivative. 



2» MtacthyUadolc 6-mtro-2, 3-dfmethyWa4eh> 
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(fit) On treating indole with SO, in pyridine at about 39QK 
2-indole sulphonic arid is produced. It is rather an unusual case of 
orientation. 



2 Indole-sulphonic add 


(iv) Reimer-Tiemann reaction gives indole-3-aldehyde 

Ou -s- ©nr 


'N 
H 

Indole 


N‘ 

H 

Mn d ol ecarbaldehyde 


This compound may also h * prepired hy Gattermann aldehyde 
synthesis. 


indole. 


(r) N- a cetyl in dole undcr^pt rrarranirem^nt m give 3-acetyl- 


Cu 

COCH a 

jV-acctylindole 


Rearrangement 


cxt 

H 

3-a cetyl indole 


iCOCH, 


(tn) Mercuration . On mercuration with mercuric acetate. 
Indole gives 2, 3-diacetoxymercuri-indole. 


Orj 

H H 


HgOOGCH. 

HgOOCGH, 


(vii) Indole forms a Grignard reagent readily which can be used 
for the preparation of a number of substituted indoles. 


(vm) Mannich reaction. Indole reacts with formaldehyde and 
dimethylamine to give gramme (3-Jimethylaminomethylindole). 
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(is) Reduction. Indole on electrolytic reduction give* 2,3-di 
hydroindole (indolint). Reduction with metal and acid (Sn+HCl 
or dust + H,P0 4 ) gives the same product. Catalytic reduction 

with Raney nickel gives octahydroindole 


CX? 


RANEY ,Nt 




Octahydroindole 2. 3 dihydroindole 

Tndole behaves as tautomer of Indoleninc. 



Indole Indolcniiic 

Inriolenine itself has never been isolated but its derivatives 


known. 


art* 


3. Indoxyl.—Indoxyl and 3-Hydroxyindole are two tauto 
meric compounds in which indoxyl is the keto-form and 3-hydroxy- 
indole is the enolic form. 



Indoxyl 
(i keto-form ) 



3-Hydroxyindole 
( Enolic-form) 


Indoxyl occurs as indican (a glucoside) in indigo plant. It may 

be prepared by hydrolysis of indican or is synthesised (Refer to pogc 

3 * 84 ) 

Indoxyl is a bright yellow solid fm.p. 33BK). An alkaline solu* 
lion of indoxyl is readily oxidised by air to indigotin. 

4 I satin.—It occurs in two tautomeric forms I and II (both 

derivatives of 2 : 3-dihydroindole). 



I II 

This is an example of amido-imidol tautomeric system. 

— NH-CO— «*. —N-C(OH)— 

It was first prepared by oxidation of indigotin with nitric add 
but can be synthesised as follows : 
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NH 

Isatin 


The synthesis shows the structure ofisatin. 

It is a red crystalline solid (m.p 473K) slightly soluble in water 
but readily soluble in alcohol It reacts with PGlg to form ieati n 
chloride and with warm solution of sodium hydroxide to give sodium 
salt of isatinic acid. 




PCh 



i-CO 

v^CCl 

N 

I satin chloride 


O' 


NH 


CO NaOH 
I-- 

CO 



iCO-COONa 


NH, 

Sod. salt of isatinic acid 


Isatin 

5. Quinoline, 1-Azanaphthalene, a. P-Benzopyridine, C,H 7 N. 
—Quinoline is another example of a fused ring System in which a 
benzene ring is fused with a pyridine ring in p-positions. To 
•tame its derivatives various atoms are numbered as follows ; 



Quinoline Resonance hybrid structure 

Quinoline is present in coal-tar and bone oil. It was first pre¬ 
pared by Gerhardt (1842) by distilling the alkaloid quinine with alkali 
and hence named quinoline. 

Preparation. Quinoline is obtained commercially from coal- 
tar or prepared synthetically as follows : 

Skraup synthesis (I860), By heating a mixture of aniline , nftro* 
benzene, glycerol, concentrated sulphuric acid and ferrous sulphate. In 
this mixture nitrobenzene acts as an oxidising agent while presence of 
ferrous sulphate makes th* reaction less violent. When nitrobenzene 
brings about oxidation, it itself is reduced to aniline. Other mild 
oxidising agents like H a AiO t can replace nitrobenzene. 

The mechanism of the reaction is not certain. It is, however * 
believed to be as under : 

(») Glycerol loses water to yield acrolein (having a enjugated 
system of double bonds). 

TOC—III-3’t 3-3 
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(it) Aniline add* on to acrolein in the I : 4-position. 

(«'*•) The side-chain is condensed in the o-position to yield 
difaydroquinoline which on oxidation gives quinoline. The yield is 
about 84-91%. 

—2H t O 

CH,OH GHOH. CH.OH -- CH»—CH.CH=»0 

Glycerol H a SO« Acrolein 


C |1 C.H.NH H 

"—N—H+CH i =»CH.CH=0 

H 

Aniline Acrolein 


C,H i NH.CH i — CH= CH.OH 


1: 4-Addition 


H 

- /C N3H 

hoi , 


or 


cc 


NH 


/ 


GH, 


—H.O 
H.SO, 


W\ NH >. .sea. 


1 : 2-Di hydroquinoline Quinoline 

Properties : Physical. Quinoline is a colourless oily liquid (b.p 
51 IK) sparingly soluble in water but readily dissolves in alcohol and 
ether. It has characteristic disagreeable smell but not so unpleasant 
si that of pyridine. It is volatile jn steam. 

Chemical . Being made up of a benzene ring and a pyridine 
ring quinoline gives some reactions of the benzene ring and some of 
the pyridine ring. 

(1) Basic nature. Quinoline is a tertiary base and resembles 
pyridine in many of its reactions. It forms quinolinium salts with 
inorganic acids and quaternary salts with alkyl halides. 




quinolinium Iodide 

(2) Substitution Reactions. Quinoline is a resonance hybrid 
with rrsonance energy of 264'9 ljf mol 1 . The nitrogen atom 
deactivates the pyridine ring. Quinoline resembles 1-nitronaph- 
thalene in many respects. It is attacked by electrophilic reagents 
preferentially at position 8 and by nucleophilic reagents at positions 
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2 and 4, In other words, the electrophilic reagents usually attack 
the benzene ring while the nucleophilic reagents attack the pyridine 
ring preferentially. For example : 

(•) Solplummtion. Fuming sulphuric acid at 490K yields 
8-quinoline sulphonic acid with a small amount of 5-quinoline- 
•ulphonic acid. 

HO.S 

+ 


8-Quinoline- 5-Quinoline- 

sulphonic acid sulphonic acid 

(Main product) (Small quantity) 



J v sulphuric U. \ 

acid at 490K JJ 

N HO-S N 


When B-sulphonic acid is heated to 570K, it rearranges to 



S-sulphomc acid 6-sulphoniw acid 


(»») Nitration. Quinoline yields on nitration with acids 
mixture a mixture oT 5- and B-nitroquinolmc. But nitration with 
nitric aud and aortic anhydride gives 3-mlroqumnline. 



Quinoline 



3-Nitro quinoline 



5-Nitro quinoline S-Nuio quinoline 

(lift) Bromination. Vapour phase bromination of quinoline 


gives 3-bromoquinolinc. At 77OK, however, the produrt is 2- bromo- 
quinoline. Bromination uud :r conditions of high aridity produces 
5- and 8-bromoquinolines. 
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(it?) With lodunidt. Quinoline on hating with lodnaMc to 
toluene; solution gives 2~aiminoquinoline (Tschitsckutabm reaction) 



2-AminoquinoHne 

(r) With w-butyl-lithium. Quinoline reacts with »-butyl- 
lithium to give 2-butyl derivative. 



2-butylquinolinc 


(3) Oxidation . Vigorous oxidation as with alkaline per¬ 
manganate usually oxidises away the benzene ring with the formation 
of quinolinic acid and oxalic acid. 

Alkaline ^ |<^ :?rS >|COOH COOH 

N> N JlS^ KMn<>I N^J^COOH + COOH 
Quinoline Quinolinic acid 

With pcrbenzoic acid quinoline is oxidised to 1-oxide. 

(4) Reduction. Reducing agents like sodium in liquid 
ammonia or lithium aluminium hydride reduce it to 1, 2-dihydro- 
qumolinr. With tin and hydrochloric acid or controlled hydrogena¬ 
tion at 430K gives tetrahydroquinoline. whereas catalytic reduction 
using platinum as catalyst in acetic acid solution yields decahydro- 
quinoUne. 



-CO^CQ 

H H 

t.I. i.4- TBTRA- OECAHYDRO- 

NYOROQUINOUNE QUINOLINE 


LZ- OlMYDffO- 
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Vwbb of Quinoline. Quinoline finds use {•) as a high-boiling 
solvent; ($») as an antiseptic ; (m) in analytical work for precipita¬ 
tion of certain metals. 

6. Goostltatioa of Quinoline — (i) Molecular formula of 
quinoline as deduced from its analytical data and molecular weight 
determination is C»H 7 N. 

(ii) Quinoline undergoes nitration and sulptanation just like 
benzene. This indicates the presence of one or more aromatic rings 
In the molecule. 

(tf) It forms quaternary salts with alkyl halides. This suggests 
the presence of a tertiary nitrogen atom in it. 

(tv) On vigorous oxidation with alkaline permanganate it gives 
quinolinic acid and oxalic acid. 

COOH GOOH 

COOH + 4ooh 


On the analogy of naphthalene which on oxidation gives phtha-i 
lie acid, we can conclude that in quinoline one pyridine ring is fused 
with a benzene ring which is broken during oxidation. Thus the 
structural formula of quinoline may be written as 



C*H 7 N 


Aik. 


KMnO« 


o 

x ir 


(v) This structure is further confirmed by Friedlander'a iyo< 
b s s l s (1882) of quinoline by condensing o-amino-benzaldehyde with 
cetaldehyde in aqueous sodium hydroxide. 



o-amikj- acetaldehyde 

BENZAlJEHYDE 



CONDENSATION 

PRODUCT 



Quinoline 


7. leoqn inoHn e, QI^N,—like quinoline the molecule of iso- 
tdnoline is made up of a benzene ring fused with a pyridine rin i 
ut in a d iff e r ent position as given below : 
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Ifoquinoline Quinoline 


These two heterocyclcs are numbered like the naphthalene 
molecule in such 4 way that the hetero atom has the smallest 
possible number. 

Preparation. Isoquinoline is always present in quinoline and 
may be separated from there. The mixture is converted into sulpha¬ 
tes which are separated by fractional crystallization from alcohol in 
which isoquinoline sulphate is only sparingly soluble. 

It may be synthesised in a number of ways. One simple way 
b by heating the oxime of cinnamaldehyde with phosphorus pentoxide. 



BCCKMANN 

REARRANGE¬ 

MENT 




The oxime first undergoes Beckmann rearrangement and the 
product undergoes ring closure by losing a molecule of water. 


Properties. Isoquinoline is a colourless solid (m.p. 296K, 
bp. 513K) having an odour resembling benzaldehyde. 


Chemically, it resembles quinoline in many of its properties. 
For example : 

(1) Basic nature. It is a stronger base as compared with 
quinoline and gives quaternary salts with alkyl halides. 

(2) Electrophilic Substitution. Isoquinoline resembles 2-nitro- 
naphthalene in a number of its properties. Electrophilic substitution 
occurs predominantly at 5-position and to a small extent at 8-position. 
For example : 

(ft) Nitration. On nitration the main product obtained is 
Snitroisoquinoline together with a small quantity of 8-derivative 

no 2 



5-Nitro- B-Nitro- 

isoquinolinc . Isoquisoltac 


(tft) Sulphonation. Sulphonation also takes place mainly at 
the 5-position and to a small extent at 8»position> 
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Bt t S0 4 



+ 


y DefffK 



(iii) Bromination and Mer duration. On bromination iso- 
qoinolinc gives predominantly 4-bromo-isoquinolme. Similarly. 
4 derivative u obtained on mercuration with mercuric acetate. 


(3) Nucleophilic Substitution. Nucleophilic substitution 
in isoquinoline occurs &r position 1. For example, when treated with 
solamide it gives 1-amino-isoqumoline. 

NdNUz 


1-Aminoisoquinolinc 

(4) Redaction. Isoquinoline on reduction with sodium and 
liquid ammonia gives 1, 2 di hydro isoquinoline. With tin and hydro¬ 
chloric acid the reduction produit is 1,2, 3, 4-tetrahydroisoquinolinc 
whereas catalytic hvdiogenation gives ortahydroisoquinoline. 





OCTAHYDRO - 

isoownolinf 

(*i) Oxidation Pyridine ring in isoquinoline is not so stable as 
in quinoline On oxidation with permanganate it yields a mixture 
of phthalic and cinchomei oruc acids 




roj 


COOH 

f^'sNLOOH HOOCj'^^'S 




COOH 


U 

N 


iMsqumolii e Phthalic acid Cinchomeronic rcid 

VVitn perbcnroK at id isoqun olme is oxidised to the A T *oxidc. 



PER8ENZ0IC 

-4CID 
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Constitution. (») Molecular formula of isoquinoline as deduced 
from its analytical data and molecular weight determination is C*WtN. 

(if) Isoquinoline undergoes nitration like benzene. This indi¬ 
cates the presence of one or more aromatic rings in the molecule. 

(fit) With alkyl haiides it yields quaternary salts. Thh suggests 
the presence of a tertiary nitrogen atom in it. 

(to) On oxidation with permanganate it yields a mixture of 
phthalic add and cinchomeronic acid (*te above). This shows that 
isoquinoline molecule consists of one benzene ring fused with a 
pyridine ring in 'Potions. Phthalic acid is produced when pyri¬ 
dine ring gets ruptured and cinchomeronic acid is produced when 
benzene ring is ruptured. Positions of the two carboxylic groups in 
cinchomeronic acid indicate the position in the pyridine ring (Py) 
where it is fused with the benzene ring. Hence, molecule of isoqui- 
nolme is given by the structural formula given below : 



Isoquinoline 


(w) This structure is further confirmed by syntheses of isoquino¬ 
line by condensing benzaldchyde with ethylamine and passing vapours 
x>f the product (benzylidene ethylamine) through red hot tubes 



BENZYL!DENE ETHYLAMINE 


RED HOT 
TUBES 


-zH 7 



ISOQUINOLINE 


8. Indigo, Indigotin, Gi ( HioO,N 3f —Of all dyes, natural or 
synthetic, indigo is the oldest known dye, Egyptian mummy 
clothes estimated to be over four thousand years old were dyed with 
it. It is a mixture of several dyes, the chief component being indigo - 
ffn with small quantities of indigo red and indigo brown. India 
appears to be the birth-place of indigo. 

Indigo occurs as a glucoside, indican in many plants, e.g., 
indigo plant {Indigo/era species) grown in tropical countries like 
India. Small amounts of indican are present in wood, an impure 
form of indigotin, and is obtained from the plant isaHo Hndoria 
grown in the European countric, It is believed that the art of culti¬ 
vation and ^ methods of application had spread to the ancient Indo- 
Germanic tribes in Europe from India. India cultivated 2,10,000 
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Acres of lend lor indigo and exported Ri. 70,00,000 worth indigo in 
1897. Synthetic indigo tin has ruined the Indian indigo industry. 

Preparation of Indigotln 


(1) From Indigo Plante. Indigo plants contain indican, a 
glucosidc of indoxyl : 

r~- O -> 

-C—O—CH.(CHOH), CH.CHjiOH 

Indican 

NH 


The glucoside is extracted from the plant with water. Its 
hydrolysis, promoted by the enzymes of the plant, gives indoxyl 
which is oxidised by the oxygen of the air to indigo. 


C l4 H 17 NO e +H l O-*CgH 7 NO + C e H 1I O l 

Indjcan Indoxyl Glucose 



Indoxyl Indigotln 


Indigo plants are cut shortly before flowering and placed in 
wooden tanks. Warm water at 298-300K is added to the tank. On 
standing fermentation sets in and the enzyme indimulaam (present 
in the leaves) brings about hydrolysis of indican to indoxyl. The 
fermented liquor containing indoxyl is made alkaline by adding 
lime and churned vigorously by bubbling air. Passage of air oxidises 
indoxyl to indigotin containing traces of indigo red and indigo 
brown. This separates as blue flakes. The flakes are separated, boiled 
with water and filter pressed. The cake thus obtained is indigo. 


(2) Commercial Synthesis. Very little indigo is at present 
manufactured from the plants as the synthetic processes have 
proved to be cheaper. Different synthetic methods employed For 
the manufacture of indigo arc : 

(a) From Anthranilic add. This method was developed in 
1897 in Germany. Anthranilic acid is produced from naphthalene 
through phthalic anhydride and phthalimide. 


Cone. H,SO« i^^COOH -H.O 

lykj “HiorkJcOOH— 

- :J Phthalic anhydride 


Naphthalene 


Phthalic acid 

•=-Co-~Cc 


Phthalimide 


COOH 
Anthranilic add 
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Anthrmnilic add is converted to phenylglycine-o-carboxy Uc 
acid with chloroacetic add. This on fusion with potassium hy¬ 
droxide yields indoxylic add which loses carbon dioxide to produce 
indoxyl. Oxidation of indoxyl produces indigo. 




indigotin 

(A) From Aniline. By condensation of aniline with chloro- 
acctic acid to get JV-phcnylglycine which is fused with caustic «oda 
and sodamide at 570-570K (300-350°C) to produce indoxyl. This 
on oxidation gives indigo. 



acH 2 cooH b 

% -HCl 


a> 


ANILINE 


m 

N~ PHtNYLGLYCM 


Namt.XaOB 
300 - 350 ' 

-h 2 o 



WOOXYL INDIGO 


Function of sodamide is to remove water which will otherwise 
hydrolyse N-phenylglycine. 

NaNH, 4- H*0-►NaOH + NH, 


C,H,NH.CH,COOH+H a O-►C,H,NH I +HOCH.COOH 

JV-phenylglycine Glycol lie acid 

Properties Indigotin is a dark blue powder (m.p. 663 66SK) 
having a coppered lustre. It can be sublimed under reduced pressure. 
It is insoluble in water but when its pane is agitated with sodium 
hyposulphite (Na^SjO^ in large vats it is reduced to the soluble 
leuco-compound, iadigotin-wAiie. 
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Indigotin {dark blu «) Indigotin-white (colourten) 

For dyeing, the fabric is soaked in a solution of indigotin-white 
and then exposed to air. On standing in air indigotin-white is oxi* 
dised to indigotin and the fabric gets a dark blue colour which is ex- 1 
Cremely fast to washing and other colour destroying agents. The shade 
of (he colour is, however, dull and not very attractive. 

Structure of Indigotin 


(i) Molecular formula of indigotin as deduced from its analytical 
data and molecular weight determination is CuHjqO,^. 


(w) Oxidation of indigotin with nitric acid gives two molecules 
of isatin and two oxygen atoms are added during oxidation. 


C li H l0 O t N B +2[O]^2C 1 H 5 O ,N 
Isatin 



<k> 


H 


This suggests that in the indigotin molecule two identical units 
are joined together. On oxidation of indigotin, each one of these units 
gives a molecule of isatin. 

(fti) Keeping the above facts in view there are three possible 
structures of indigotin as given below : 

(tv) Indigotin was synthesised from isatin by Baeyer in 1078. 
Isatin on treatment with phosphorus pentachloride gives isatin 
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chloride which on reduction with zinc dust and glacial acetic 
odd yields indoxyl. This gives indigotin on atmospheric oxidation. 



tMQOMYL 


This shows that the formula I given above is the formula of 
indigotin. 

(*) Thu structure is further supported by the fact that indigotin 
on hydrolysis with dilute alkali gives anthranilic add and 2-indoxyl- 
carbaldehyde. 



ANTWMNIUC 

ACID 


2-Indo*ylc*rb- 

aldchyde 


(si) Due to the presence of carbon*carbon double bond two 
geometrical isomers arc possible for indigotin as given below : 


o 


/°°\ 


/ co \ 




cii-fonn 


o 


/ co \ 


/ Nn x 


c-c | 


O 


' irons- fonn 

It has been found that the stable form of indis 


It has been found that the stable form of indigotin is the irttU 
form. There is, however, evidence showing that during dyeing the 
rii-form is first produced on the cloth but slowly changes into the 
stable irons -form 

QUESTIONS 


I. Gim the preparation and properties of (0 Indole ; (ft) Indoxyl i 
and (tft) Isstin. 
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2. What are heterocyclic compounds ? How are they classified ? Pham 
the methods of preparation and constitution of quinoline and isoquinolinc 

3. Describe the reactions which helped the determination of the cons¬ 
titution of quinoline. Give its synthesis. 

4. i Establish the constitution of indigo and explain how it is used as 4 a 
vat dye. 

5. How ia Indigo isolated rrom the indigo plants ? Outline the steps 
leading to the preseot accepted structure of indigo. 

6. Give an account of the synthetic manufacture of indigo. 

{Mysore B.Sc. 1972) 

Short Answer Type i 

1. Explain why heterocyclic compounds exhibit aromatic properties. 

(Bangalore BJSc. 1974) 

2. Write the structural formula of indigo. {Bangalore B*Sc. 1974) 

3. Give the structures or the products m the following reactions : 

KMnO, 

(a) Quinoline--► 

KM n Oft 

{b) Isoquinolinc --► {Andhra B.Sc. 1974) 

4. Give the synthesis of Quinoline. {Burdwan iB.Sc. 1971) 

5. What happens when 1-Mcthylisoquinoline is treated with banal, 

dehyde and alkali ? {Madras B.Sc . 1979) 

6. Write down the structures of quinoline and isoquinoline. How can 
a mixture of quinoline and isoquinoline be separated into its constituents ? 
What happens when these two compounds are oxidised ? 

* (DetMB.Sc. 1977 St^p.) 

7. How is quinoline obtained by Skraup's synthesis? 

{Delhi B.Sc. Hons. I97B) 
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1. What Carbohydrates are ?—Glucose, fructose, cane- 
sugar, starch and cellulose were all considered to be hydrates of car¬ 
bon and were, therefore, named as Carbohydrates. 

C 0 H ia O 9 C la H tt O n (G e H 10 O 6 ). 

or or or 



or Fructose 


C„(H i O) 1i 

Sucrose 
or Maltose 


[CWH.O).]. 
Starch or 
Cellulose 


The term has, however, lost its significance as some carbo¬ 
hydrates cannot be represented as hydrates of carbon, e.g rhamnose 
cpyo, ; rhamno-hexose, and some substances other than 

carbohydrates can be represented as hydrates of carbon, e.g., acetic 
acid [CH t COOH or C^HgO) J and lactic acid [CjHjOg or CgtHfO)!]. 
The name, however, is still retained. The term carbohydrates now 
includes aU polyhydfoxy-aldehydes and ketones along with substances 
which yield these on hydrolysis , 

2. Their Cla* slficati cm.— Carbohydrates are classified as given 
below : 

(1) Monosaccharides. These include non-hydrolysable 
sugars, t.g glucose and fructose, soluble in water and sweet in taste. 
These are building blocks of various carbohydrate molecules. They 
are potyhydric alcohols (containing five, six, seven or eight carbon 
atomsj as well as a carbonyl (an aldehydic or a ketonic) group. 
Those containing an aldehydic group are called aldoses while others 
containing a ketonic group are called ketoses. The number of carbon 
atoms in the molecule is indicated by a Greek prefix. For example : 

CHjOH (CHOH)|.CHO, glucose is an aldohexosc 
ljdnie CH t OH.(CHOH) s .COCH t OH, fructose is a ketohexose. 

(2) Oligosaccharides. These are low-molecular-weight con¬ 
densation polymers of monosaccharides containing two to nine 
monosaccharide units generally. These may be further classified as : 

(•) Disaccharide* {containing two monosaccharide units). 
Sunn like cane-sugar, maltose, lactose all having the formula. 
GuH m 0 11 , one molecule of which on hydrolysis gives two mono¬ 
saccharide molecules, are called disaccharides. These are crystalline 
solids, soluble in water and sweet in taste. 

CiAiOu+HtO-► C-H lt O i +C i H XI O i 

Cane-sugar Glucose Proems 
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(ft) Trlmccharides (conUnmng three monosaccharide unto). 
Sugars with general formula CnH^Oj^ one molecule of which 
yields three monosaccharide molecules on hydrolysis are called 
trisaccharides, e.p., raffinose. 

(tit) Similarly, we can have tetra-, penta-, and hexa-saccharides. 

(3) Polyaaccharidea. Non-sugars like starch, dextrin and 
cellulose, one molecule of which on hydrolysis yields a large number 
of monosaccharide molecules are called polysaccharides. These are 
amorphous, tasteless and mostly insoluble in water. 

(C^HjflOjJn+nHjO — r - ► nCLHuOi 
Starch Glucose 

These are further classified as : 

(t) Homopolysaccharides which on hydrolysis yield only one 
kind of sugar. 

(it) Heteropolysaccharides which on hydrolysis yield more than 
one kind of sugar. 


MONOSACCHARIDES 

3. The Monosaccharides.— Monosaccharides include both 
aldoses and ketoses but the former are far more important than the 
latter. The simplest aldose is glyrolaldehyde, CH*OH.CHO and 
lacks optical activity. Since all naturally occurring sugars are opti¬ 
cally active, it will be more satisfactoiy to exclude this from the list 
of sugars. Monosaccharides may better be defined as optically active 
polyhydwzy-aldehyeds or ketones . A few individual aldoses are : 

(i) Aldotriose, C a H,0,. Glyccraldehyde, CHgOH.GHOH.GHO 
is an aldotriose. It contains one chiral carbon atom and exists in 
two optically active forms. 

CHO 

H-i-OH 
£h,oh 

n-Glyceialdehyde L-Glyceraldehyde 

(ii) Aldotetroses, CH.OH. (CHOH)».CHO. There are two 
chiral carbon atoms and it exists in four optically active forms* d- 
and L-threose ; d- and L-erythrose. 


CHO 
HO—d—H 

I:h,oh 


CHO 
H—<i—OH 
H-i-OH 


CH.OH 

D-Erythxosc 


CHO 

HO—H 

H—i—OH 

CH.OH 

D-Threose 


(iifl Aldoptnloau, CH,OH. (CHOH),.CHO. There are three 
chiral carbon atoms in the molecule and it exists in eight optically 
active forms— d- and L-forms of ribose, arabinose, xylose and lyxose. 

•For iW« iU of d and l notstion refer to Pert I, Chapter 10—Stereo- 
chemistry. 
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CHO 

H—-A—OH 

H-i-OH 

H—<!—OH 

OH.OH 

D-Riboae 


CHO 

HO—A—H 
H—A—OH 
H—A—OH 

Ah.oh 

D-Arabinoie 


CHO 

H-i-OH 

IO-A—H 

H—C—OH 
c!h,oh 

D-XylosE 


CHO 

HO—A—H 

HO—A—H 

H—i-OH 

I 

CH.OH 

D-Lyxoso 


Aldopentoses resemble aldohexoses in properties but do not 
undergo fermentation. 

(tv) Aldohexoses, GHjOH^CHOHJ^.CHO. There are four 
chiral carbon atoms in the molecule and it exists in sixteen optically 
active isomeric forms, e.g. 9 glvcose 9 mannose , galactose > otiose , aUrosc, 
idose , gulose and talose each existing in two forms related as the 
object and its mirror image. The two forms of each are designated 
as D- and L-forms. 

Glucose is an important aldohexose and fructose is an impor¬ 
tant keto-hexose which we shall discuss in detail. 


4. Glucose, Grape-sugar or Dextrose, —Glucose 

occurs in ripe grapeB (hence the'name grape-sugar), honey and most 
sweet fruits. It is a normal constituent of blood and is present in 
the urine of diabetic persons. 

Preparation, (i) From Sucrose. Glucose can be easily pre¬ 
pared in the laboratory by the hydrolysis of an alcoholic solution of 
cane-sugar with a 4 per cent solution of hydrochloric acid in alcohol. 

C 1M H n O u + H.O-►C,H 11 O i + G t H 11 O s 

Sucrose Glucose Fructose 

Glucose being almost insoluble in alcohol crystallizes on cooling 
while fructose being comparatively more soluble remains in Solution. 

(it) From Starch. Commercially pure glucose is manufactured 
by the hydrolysis of starch with dilute mineral acids. 

(C.H ip O ft ). + nHjO-► nC.HuO, 

Starch Glucose 

The starchy material is mixed with about three times its weight 
of water and dilute sulphuric acid (about 6N) and heated under pres* 
sure (4-5 atmospheres). When the hydrolysis is complete (the reaction 
mixture gives no colour with iodine), the excess of the acid is neut¬ 
ralized with calcium carbonate and filtered to remove calcium sul¬ 
phate. The filtrate is decolorised with animal charcoal, concentrated 
in vacuum pans and crystallised when crystals of glucose monohy¬ 
drate, GjHuOs.f^O separate. 

Although cellulose can be almost quantitatively hydrolysed to 
glucose but the process is lengthy and tedious. Glucose is, therefore, 
seldom manufactured by the hydrolysis of cellulose. It is, however, 
reported that in Russia they have been able to overcome various 
difficulties in the way of laige»scalc production of glucose from 
cellulose. 



CARBOHYDRATES 


3*91 


Properties : Physical. Glucose is a white crystalline Bolid 
(m.p. 419K) sweet in taste but is not as sweet as cane-sugar. It is 
sparingly soluble in alcohol and insoluble in ether but readily dis¬ 
solves in water. It is optically active and is dextro- rotatory, hence 
the name dextrose. It has a specific rotation of +52 7°. 

Chemical. Structural formula of glucos* 

CH,OH—(CHOH) 4 —CHO 

indicates the presence of one aldehydic group, one primary alcoholic 
group and four secondary alcoholic groups. Chemical properties of 
glucose are, therefore, the properties of aldehyde and alcoholic 
groups present in its molecule. For example : 

(a) Reactions of the Hydroxyl group 


(i) Acetylation . Acetic anhydride reacts with the five —OH 
groups to give the penta-acetyl derivative of glucose. 


CH.OH 

<^HOH) 4 + 5(CH,C0),0 - 

I Acetic anhydride 

CH»0 
Glucose 


CH.O.COCH, 

(^HO.COCH,). +5CH.COOH 
<!:h-o 

Penta-acetyl derivative 


(n) Formation of Olucosides. Glucose reacts with methanol in 
the presence of dry hydrochloric acid gas to form two methyl gluco- 
sides (ethers) designated as a- and /?-glucosides. Isomers of the 
type of a- and /3-glucosides are termed anomers while the carbon 
atom responsible for the existence of these anomers is called 
anomeric carbon atom . 


HC1 

C„H n O,| OH + H | OCH,-► C i H 1 jOj.OCH s + H.O 

Glucose Methanol Methyl elucosidcs 

(a- ana fl-) 

These glucosides exhibit no aldehydic fiinction and* do not 
show mutarotation (see page 3*100). 

(iii) Formation of Olucosates . With various metallic hydroxi- 
des glucose forms glucosaies^ e.g with calcium hydroxide it forms 
calcium glucosate, C 8 HuO e .CaO which is soluble in water. The 
structure of glucosates is still uncertain. - 

(6) Reactions of the Aldehyde group 

(i) Reduction. When reduced with sodium amalgam and in 
aqueous solution, the aldehydic group is reduced to a primary alco¬ 
holic group to yield a hexahydric alcohol, sorbitol. 
CH 1 OH.(CHOH) 4 .CHO +2[H]^CH 2 OH.(CHOH) 4 CH f OH (50%) 

Glucose Sorbitol 

High pressure catalytic reduction or electrolytic reduction in 
acid solution is better than reduction with sodium amalgam and 
water because in alkaline solution glucose tends to undergo re¬ 
arrangement (see page 3’94). 

Reduction of glucose with concentrated hydriodic acid and red 
phosphorus at 370K yields 2-iodohexane. Prolonged heating with 
cone. HI produces n-hexane. 


T C—IIM-tt-6 
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CH,OH.(CHOH'l t .CHO 


Cone. HI 


Prolonged heating 


OH,,. (CH^geCHLCHa 
ZModohexmne 

GH B .GH l .CH r CH B .CH t ,CH 1 , 

a-hexanc 


with cone HI 

(«) Oxidation. With mild oxidising agents such as bromine 
water, glucose is oxidised to gluconic acid. 

Br K /H f O 

CH i OH.(CHOH) 4 ,GHO+[OJ-► CH a OH.(CHOH) 4 COOH (50%) 

Glucose Gluconic acid 

With strong oxidising agents like nitric acid, its terminal 
groups, —CHO as well as — CH t OH are oxidised to —COOH 
groups to give the dibasic acid, glucaric acid or glucosaccharic acid 
(often called saccharic add). Some oxalic acid is also obtained. 

HNO, 

CH,0H.(CH0H) 4 CH0 + 3(0)-► 

Glucose 

GOOH.(CHOH) 4 .GOOH4-H z O (20%) 

Glucaric acid 


Dicarboxylic acids obtained by oxidation of aldoses in general 
are known as saccharic or aldaric acids. 

(in) Reducing Action. Because glucose is readily oxidised, it 
acts as a shon'T reducing agent. It reduces Fdding’s solution 
and amnoniacal silver nitrate. 


GH 1 0H.(CH0H) 4 .CH0+2Ag(NHa) a ^+20H 

Glucnre 

->CH|OH. (CHOH) 4 .COOH + 2Ag + 4NH a 4 H.O 
Gluconic acid 

It reduces more Fehling’s solution than corresponds to one 
aldehyde group. This indicates that besides the aldehyde group 
other groups in the chain must be involved in this reduction. 

(tr) Addition Product with Hydrogen cyanide. Glucose gives 
addition product, glucose cyanohydrin by the addition of a molecule 
of Lyd ogen cyanide. 

/OH 

CH i OH.(CHOH) l .GHO+HGN^GH 1 OH.(GHOH) i .GH<' 

Glucose Glucose cyanohydrin NUN 


Unlike other aldehydes glucose gives no addition product with 
sodium bisulphite and ammonia. 

(v) 4ftion with Hydrorylamine. Glucose condenses with hy i 
droxylaminc with the elimination of a molecule of water to yield the 

ChToH (CHOH) 4 CH - lo + H s |NOH 

Glucose Hydroxylamme 

-► CHfO H. (CHOH) 4 .CH« NOH+H t O 

Glucose oxime 

(os) Action with Phenylhydrazine. Glucose on treatment with 
excess of phenolydrazine gives glucosazone. Fincher (1884-87) 
proposed the following mechanism of reactions involved in the for- 
•mation of glucosazone. 
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Glucose reacts with one molecule of phenylhydrazine which 
condenses with the aldehyde group to give phenylhydrazone. When 
warmed with excess of phenylhydrazine, the secondary alcoholic 
group adjacent to the aldehyde group is oxidised by another molecule 
of phenyl hydrazine, to a ketonic group. With thU ketonic group, the 
third molecule of phcnylhydrazine condenses to give glucosazone. 


CH,OH 


(CHOH), Phenylhydrazine 

I (First molecule) 

CHOH 

<^o±3I nnhc *h. 

Glucose Phenylhydrazine 
CH t OH Phenylhydrazine 

( I (Third molecule) 

CHOH), - 

I _^ 

C~j O -4 ri. |N.NHC,H, 
CH=N.NHC,H, 


CH.OH 

(^HOH), 

(!:hoh 


+ C.H.NHNH. 

(i Second molecule) 

-C.H.NH,; -NH # 


CH^N.NHC.H, 
Phenylhydrazone of glucose 
CH,OH 

(CHOFi), -|- H,0 

C-N.NHC,H» 

I 

CH—N.N hc,f;, 
Olucosazone 


Fjseher’s mnhanism does not explain the following : 

ft) Hm\ does phenylhydrazinr wh : rh is a powerful reducing 
agent act as an oxidising agent in this case ? 

(ii) Why should only two carbon atoms be involved in the osa- 
zone formation ? 

Weygand (194-0) suggested that osazone is produced as a result 
of Amadori rearrangement as given below : 

CH-O C f H,NHNH, CH^N.NHC.H, CH.NH.NH.CJBU 

l -► I f* I 

CHOH 1st mol. CHOH C—OH 

Glucose Phenylhydrazone 


CHOH 


C—OH 


Glucose Phenylhydrazone 

of glucose 

CH.NH.NH.C.H, CH,.NH.NH.C,H| 


C.NH.NH.C,H, 


.NH.C,H, 


I -C.H.NH, 

CH-N.NH.C.H, CH=NH 
I or I 

C—NH C-N.NH.C.H, 


C.H.NH.NH, 

4 - 

2nd mol 


CH,NH.NH.C i H l 


CH = N.NH.C,H B 
C,HftNH.NH, | 

-* C=N.NH.C,H, 

3rd mol. 

—NH, Glucosazone 


Herein we find that no where phenylhydrazine acts as an oxidi¬ 
sing agent. This, how. ' or, does not explain why should only two 
carbon atoms be involv <1 in the osazone formition. 

(c) Other Reactions : 

(i) Fermentation . Glucose is readily fermented by yeast to 
ethanol. 


G^HnOe 

Glucose 


2C a H fi OH + 2CO* 
Ethanol 
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(u) Action of Alkali 0 . When warmed with concentrated alkali, 
glucose first turns yellow, then brown and finally gives a resinous 
mass. A dilute solution of glucose, when wanned with dilute solu¬ 
tion of alkali, gives a mixture of glucose, fructose and mannose. The 
same mixture is obtained if the starting material is fructose or man¬ 
nose. This is called Lobry de Brayn Aibtrda van Ekenatein rearrange - 
aunt (1890) and is supposed to occur through 1 : 2-enolisation as 
shown below : 

CHO HO—C—H CH a OH HO—C—H CHO 

H—i—OH C-OH * C-0 * HO—(! HO—C-H 


Glucose froiLf-diol Fructose c/j-diol Mannose 

D (+)-Glucose and d ( + )-mannose are epimers. Epimera 
are a pair of diaettreomers that differ only in the configuration about a 
einglt carbon atom . r-~ epimbrb ■ 

f l 


v V 

r- 1—1 

1 — 1- ~ - I— 

BO—C -H HO —|— H 

H — *C—OH H — C —OH 

B - 5 C—OH fl- C - OH 

6 \ I 

CH 2 0H CHiOH 


0f*)~QLUC0Si D(+)-MANNOSe 


(iii) Action of concentrated hydrochloric acid. When heated with 
>nc HCl glucose gives laevulic acid. 

Cone HCl 

3,^,0,-► CH 3 G0.GH,.GH,.C00H+HC00H4-H 1 0 

jlucose Laevulic acid 


On treatment with cone. HCl glucose can also give hydroxy- 
eihylfurfural. 


CH-CH 


C,H xl O.-► || II + 3H,0 

HOCH..C C.CHO 

\/ 

O 

Hydroxymethyifurfural 


Hydroxmcthylfurfural on acid treatment gives laevulic acid, 
is suggests that laevulic acid is produced from glucose via the 
mation of hydroxymethyifurfural as an intermediate compound. 
Gee*. (0 As a sweetening agent in confectionery. 

In) In ir edit inr and as food Ibr children and invalids. 




(tft) III fruit preservation and in nuking jams and jellies, 

(ip) As a cheap reducing agent in industry and in the manu¬ 
facture of wines. 

( 0 ) As a starting material in the synthesis of vitamin C, 

Testa, (t) Heat some glucose in a dry test tube, it melts 
and then turns brown giving a burnt sugar smell. 

(si) Add concentrated sulphuric acid to glucose. Charring 
occurs only on heating the mixture. 

(sis) Add Fehling’s solution to glucose and warm, a red pre¬ 
cipitate of cuprous oxide is obtained. 

(ip) Heat glucose with ammoniacal silver nitrate solution, silver 
mirror is formed. 

( 0 ) To some glucose in a test tube add phenyihydrazine solution 
in acetic acid. Shake and heat the test-tube in a water bath. Fine 
yellow needles of glucosazone (m.p, 523K) separate. 

(vi) Molisch’s teat. Add a few drops of alcoholic solution of 
g-naphthol to a solution of glucose. Slip about 1 cm 8 of concentrated 
sulphuric acid along the sides of the test-tube when a violet colour 
h obtained. This test is given by all carbohydrates . 

5. Constitution of Glucose. 

(а) Molecular Formula. Molecular formula of glucose as 
determined from its analytical data and molecular weight determina¬ 
tion is C e H ia O fl . 

(б) Presence op 5 —OH Groups. When treated with acetic 
anhydride, glucose gives the penta-acetate showing the presence of 
five hydroxyl groups. Since glucose is not easily dehydrated, each 
hydroxyl group must he attached to a different carbon atom . 

(c) Presbncb op an Aldehydic Group. 

( i ) With HCN glucose gives cyanohydrin and with hydroxyl- 
amine it gives an oxime indicating the presence of a carbonyl group 
in glucose. 

(it) Glucose is oxidised with bromine water to gluconic acid, 
C.H.iO,—an acid with same number of carbon atoms. This shows 
that the carbonyl group present in glucose is an aldehydic group. 

(d) Carbon Atoms Arranged in Straight Chain. 

(i) On reduction with concentrated hydriodic acid and red 
phosphorus at 370K, glucose forms a mixture of 2-iodohexane and 
n-hexane. This indicates that the six carbon atoms in glucose are 
in a straight chain. 

(it) This conclusion is further supported by the fact that the 
polyhydroxy acid obtained from glucose by treatment with HGN 
followed by hydrolysis when reduced with hydriodic acid produces 
heptanoic acid, CH 3 .(CHa) B .COOH—a straight-chain compound. 

(iii) Aldehyde group being a monovalent group must be present 
at the end of the straight chain. 

( 6 ) Open -CHAIN Structure. Keeping the foregoing conclu¬ 
sions in view, Baeyer in 1870 suggested the following open-chain 
structural formula for glucose : 

CH* OH—CHOH—CHOH—CHOH—GHOH—GHO 
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There are four structurally different chiral carbon atoms 
(shown black in the structure given below) present in the molecule 
and it should, therefore, rxist in 2 4 = 16 optically active forms. All 
these are known and correspond to the d- and L-forms of glucose, 
mannose, galactose , allose, alirose , gulose, idose and takra. 


OH OH OH OH OH 



(/) Evidence Against Open-chain Structure. This open- 
chain formula assigned to glucose readily accounts for most of the 
reactions sr^isfnctorily but fails to explain the following : 

(i) Even though an aldehyde group is present in glucose, it 
docs not ieact with NaHSO a and NH 8 , 

(it) Two stereoisomeric forms of glucose (a- and p-glucose) 
exist.* a-Glucose with specific rotation -|-110° is obtained by crystal¬ 
lizing glucose from alcoholic or acetic acid solution whereas P-glucosc 
with specific rotation 4-19*7° is obtained by crystallizing glucose 
from pyridine solution. 

(iii) An aqueous solution or glucose shows mutarotaUon , t.e., 
its specific rotation gradually falls from +110 6 to 4-52‘5* in cas< of 
o-glucosc and increases from +19'7° to +52’5° in case of p-glucose. 

(tv) Two isomeric methyl glucosides (a- and p-) are obtained 
by heating glucose with methyl alcohol and dry HC1 gas. 

(p) Ring STRUCTURE. To account for the above facts satisfac¬ 
torily, Tollcn suggested in 1883 a ring formula for glucose. He 



QR6N-CHAIN CYCLIC 



H OH H OJi 
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assumed a butylene oxide ring (five-member ring containing oxygen 
atom) for glucose. 

Later work by HaworMi, Hirst and their co-wnikers M926 
onwards) has shown it to br a six-member amylern* ox.de ring. 
The ring formula can have two different structures related to each 
Other as the object and its nv r ior Image and which reprcsi nt the two 
etereoisomeric forms of glucose—a- and P-glucose. The two stereoiso- 
meric ring forms of a sugar are referred to as anomers. 


H-C—OH 

H—-C—OH 

I 

no—r—H 
I 

H— C —OH 

I 

H—C— - 

I 

CH.OU 

ai-Glucose 

M d ' 1 


CHO 

I 

H—C--Oil 

uo-c— n 

i 

H-C—OH 
I 

v on 
I 

L H,OH 
Possible 
intermediate 
form 


HO-C-H | 
i 

H-C-OH | 
* I O 

HO-f -H | 


I 

n-c —oh 

i 

H r -» 


I 

CH a OH 
p-Glucose 
W D - + 197° 


The ring structure explains all the reactions of glucose. The 
objections against the* open-chain structure of glucose have also been 
satisfactorily explained. For example, 

(t) Existence of a- and ^-glucose, The aldehydic carbon atom 
(shown in black type") become s chiral on ring formation and gives 
rise to two anomers a- and [S-glm osr. 


(ti) Existence of two avow eric methylglucosides. Corresponding 
to a- and p-glucose explained above, we have two stereoisomeric 
glucosides-* ot- and P-methylglucosides. 

(Hi) No reaction with NafISO 3 and NH The glucose ring ie 
not very stable. It is easily broken up by strong reagents like 
HCN, NH 3 OH, NH 8 .NH.C s H 5i etc., to give the intermediate 
aldehyde form which reacts with them just like an aldehyde. 

Weak reagents like NH g and NaHSO s are unable to open the 
chain and cannot react with it. This explains the inability of 
glucose to form aldehyde-ammonia and bisulphite compound. 

(iv) It explains mutarotahm. Ordinary glucose is a-glucose 
with specific rotation +110°. In solution a-glucosc slowly changes 
into an equilibrium mixture of x-glucose (38%) and p-glucose (62%) 
and mixture has specific rotation 52 , 5°. Similarly, a solution of 
fbglucose (specific rotation = + 19*7°) on standing changes into the 
same equilibrium mixture (specific rotation—52'5/. The phenome* 
non is termed Mutarotation. 

(h) Pyranose Structure for Glucose. Haworth ( 1926 ) 
proposed a hexagonal formula for glucose based on tne heterocyclic 
compound pyran having a six-member ring with oxygen as one of 
the atoms. 


H,C< 


,CH= CH S 


\ 


/° 

ch^ch/ 

Pyran 
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The pyranose structure is applicable to nearly all sugars and is 
supported by X-ray analysis. Pyranose structure for the two 
stereoisomers a- and {1-glucose are given below : 



6 

CH z OJ f 


*-D(+)-GLUCOSE O(+)-GLUC0SL fi-D(+)-GLUCOSi 

How to write Haworth structures ? Haworth structures 
can be written from the Fischer pro¬ 
jection in the following steps ; 

f. Draw a tetrahydropyran 
(a) or tetra hydro furan (6) ring as 
required. 



2. Number the ring carbons (6> 

Starting with the anomenc C as 1 

(this will br the first C after the ring V -- 0 O 

O), moving clockwise, around the / \ t 2 

ring. In a furanose ring, however, / 

this will not be C L . \ / ^ -* 

3, Draw vertical bonds through ^ 

each ring C and attach substituents. ( a ) (M 

Any terminal —CH,OH (or other group 

attached below the Last ring C) is shown pointing up. All other 
atoms or groups on the left of Fischer projection aic shown pointing 
up while those on the right are shown pointing down as illustrated 
bdow in the case of P-D-giucopyranosc and p-D-fructofurano$C* 



(Fischer projection) (Fischer projection) 

P-D-glu c jpyranose P-D-fructofuranose 
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(Haworth structure) (Haworth structure) 

P-D-glucopyranose P-D-fructofuranose 

6, Conflgnratioii of Glucose.—The configuration (arrange¬ 
ment of hydrogen atoms and hydroxyl groups in space) follows from 
that of the arabinosc. By Kiliani’s synthesis arabinose is converted 
into glucose and mannose as given in the following equations where 
open-chain formulae are written for simplicity sake. 

CN CN 

CHO H—A—OH HO—d—H 

I HCN I 1 (0 B*(OH), 

HO—C—H --> HO—C—H and HO—C—H-» 

i I I (If) H.SO. 

H—C—OH H-C-OH H-C-OH 

H—A—OH H—A—OH H—A-OH 

Ah,OH CH.OH Ah.OH 

d- Arabinose . . v . — 

Cyanohydrins 

COOH COOH CO—% CO— 

H-d—OH HO—A—H EV *o° r * te H—cl—OH 1 HO—A—H I 

I ana I dryness I O and 1 O 


H-A-OH ( 
H-A-OH 
Ah.OH 


(fO H.SO. 


I ana I dryness I 

0—C—H HO—C—H -■* HO—C—H 

I 1 -H,0 - j 

H—C—OH H—C—OH H—<i- 

a—A—OH H—A—OH H—d-OH 

dlH.OH (!h.OH (Ih.OH 


J HO—i-H 


uoonic and mannonic acids mixture 
CHO 

Sodium amalgam H—i—OH 

and water 1 


HO—d—H 
H—A—OH 

H—A—OH 


H-C-' H—C- - 

H-d-OH H-d-OH 

dH,OH _ Ah,OH 

Mixture of y-lactones of the two adds 

CHO 

HO—d-H 

and HO—A—H 

H—A—OH 

H-d—OH 

CH.OH 

U 


Oluoow ud 


mixture 
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Accepting the configuration as given above, the configuration 
of glucose is either I or II. Glucose forms on oxidation with dilute 
nitric acid, glucaric acid, COOH.(CHOH) 4 .COOH. Another sugar 
gulose also yields glucaric acid on oxidation. This shows that 
glucose and gulose differ only in their terminal groups — CHO and 
—GHjOH which arc interchanged in them ; the configuration of 
the rest of carbon atoms is identical. 

Thus out of the configurations I and II, the one which gives 
rise to a new sugar, when the terminal groups are interchanged, is 
the configuration of glucose. By writing configurations after inter* 
changing the terminal groups, we find the formulae 111 and IV as 


w w vj r ' 

obtained from I and II respectively. 


CH.OH 

CH.OH 


I I 

H—C—OH HO—C—H 


HO-d:—H and HO-ll-H 


H-C—OH 

l 

X 

o 

1 

1 

X 

H—C—OH 

1 

H—C—OH 

CHO 

1 

CHO 

UI 

IV 


It can be seen by rotating the formulae in the plane of the 
paper that formulae II and IV are identical while 1 and III are 
different. Hence configuration of glucose is given by the formula I, 
that of gulose by III and of mannose by II. The accepted con¬ 
figuration of glucose is, therefore, represented by the fallowing 
formulae : 


CHO 

I 

H-C-OH | 

1 1 

HO—C—H 

H-C-OH 

1 

H-C-OH 1 

H-C-OH 

HO—C—H 

HO—H 1 

I 1 

| 

HO—C—H 

s 

1 

S 

H-C-OH | 

i i 

H-C-OH 

i 

H-C-OH 

1 

H-C-< 

| 

- 

1 

CH.OH 

Glucose 

CH.OH 

*-giuco$e 

CH.OH 

^•gluCOSr 


7. Mutarotation.— Glucose is dextro-rotatory, the specific 
rotation of freshly prepared aqueous solution of glucose crystallized 
from alcoholic or acetic acid solution decreases gradually from 
+ 110° to + 52*56° in about 24 hours. The change is accelerated 
by heat or the presence of an alkali. Similarly, specific rotation of a 
freshly prepared aqueous solution of glucose crvstalliztd from pyri¬ 
dine solution increases from + 19*7° to -f 52'5b°, The phenomenon, 
first discovered by Dubrvnfant in 1846, is voy common and is exhi¬ 
bited by various optically active compounds especially sugars. 

The change in specific rotation of on optically active soWticn 
without any change in other properties is known as mutmrotatlon 
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Mutarotation has been explained by assuming that glucose exists 
in two forms, anomeric a- and p-varieties. Glucose obtained from 
alcoholic or acetic acid solution is the *• form with specific rotation 
Wd“ + 110° while glucose obtained from pyridine solution is the 
^•variety with specific rotation fajo™ 4-19*7°, In an aqueous solu¬ 
tion the two varieties arc present as an equilibrium mixture contain¬ 
ing about 37% a- and 63% of P-variety and formed by isomerisa¬ 
tion of a-form into the p-form and vice versa. 

Mechanism of Mutarotation. According to Lowry (1925), 
mutarotation is possible only in the presence of a solvent like water 
which can act both sb an acid and a base. It appears that when 
mutarotation takes place the ring opens and then recloses in the 
inverted position or in the original position. Lowry proposed that 
in Water the transformation occurred through the intermediate pro¬ 
duct aldehydrol. 


H—C—OH 
I 

H—C—OH 
I 

BO—C—H 
I 

H—C—OH 
I 

H—C- 


O 

i 


dn.OH 
■-glucose 
Wd—4-110° 


H-C(OH), 

I 

+H.0 H-C—OH 

-So HO— i —H 

I 

H-C-OH 
H—i—OH 

f 

CH.OH 
Intermediate 
aldchydrol form 



CH.OH 

^-glucose 

|«]d— 


[a] p for an equilibrium mixture of the *-(37%) and B-(63%) varieties52*56® 
Table 49'I. Specific rotations of boom mono and disaocharlde 


Specific rotation (o) 
Sugar _ ___ 



* 

, 

P 

Equilibrium mixture 

Glucose 

+ 110 

4-19*7 

H52-56 

Fructose 

-21 

-133 

-92 

Mannose 

4-30 

-17 

■ 

4*14 

Lactose 

-f-90 

4-35 

4*55 

Maltose 

4-168 

4-1U 

4-136 


8. Fructose, Fruit Sugar or Laevuloae, C f H u O, - Fructose 
is the most important ketose. It is found in fruits and honey. 


Preparation of Fructose. 

(i) From Cone-du^ir* Fructose is prepared by the hydrolysis 
of a concentrated solution of cane-sugar with dilute hydrochloric 
acid or sulphuric acid. 


VSIUJANIC CftEMISTKY 


C ?i H tt O n -fH i O 

Sucrose 


C.Hx.O.+GeH^O, 

Glucose Fructose 


Fructose is separated from the mixture after the hydrolysis is 
complete by treating it with lime when calcium fructosate, C a H ia O*. 
CaO is precipitated while calcium glucosatc remains in solution. The 
precipitate is separated f suspended in water and treated with carbon 
dioxide when calcium carbonate is precipitated and fructose is left 
in solution. The solution is concentrated to crystallize fructose. 

C«Hj|Oj*GaO 4" COj ■ — GgHigOg *4" GaCOj 
Calcium fructosete Fructose ppt. 

(ii) From Inutin. Fructose is manufactured by the hydrolysis 
of inulin (a polysaccharide which occurs in dahlia tubers and Jeru¬ 
salem artichokes) with dilute sulphuric acid. 

(CgHxoOJa+nHgO -► nC.H^O. 

Inuun Fructose 


The excess of sulphuric acid is precipitated with barium car¬ 
bonate and the solution concentrated when fructose crystallizes out. 


Properties : Physical. Fructose is a white crystalline solid 
(m.p. 375K with decomposition). It is swrrt in taste and is If 
times as sweet as cane-sugar. It is the sweetest of all sugars. It is 
readily soluble in water but is sparingly soluble in alcohol and in¬ 
soluble in ether. It is Jaevorotatory and is, therefore, called laevuloae . 

Like glucose it shows mutarotation and the specific rotation of 
«-fructose is —21°, that of fi-fructose is —133°. Specific rotation of 
the equilibrium mixture obtained on standing is —92°. 

Chemical. Structural formula of fructose 
CHgOH.CO.CCHOHJa.CHgOH 

indicates the presence of one ketonic group, two primary and three 
secondary alcoholic groups. Chemical properties of fructose are, 
therefore, the properties of these groups as given below : 


(a) Reactions of the Hydroxyl groups : 

(*) Acetylation. Acetic anhydride reacts with the five hydroxyl 
groups to form the penta-acctyl derivative of fructose. 


CH*OH 

<Jo 

«f:HOH) t 

<!:h,oh 

Fructose 


CH t CO N 
e 3 >0 

CH.CCK 


CHrO.COCH« 


ho 


+ 5CH.COOH 


(CHO.COCH,), 

•Lh.o.coch, 

Pen ta- acetyl 
derivative of fructose 


(ii) Formation of Fructocides. When treated with monohydrie 
alcohols in presence of dry hydrochloric acid gas, fructose gives 
fruckmde*. 

__HC1 

CtHnOgpHT-f- HIOCgH.-► CgHnOg—OCtHi + H*0 

Fructose 1 -Ethanol Ethyl Cructoiide 
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(«i) Formation of Fructotides. With various metallic hydro* 
sides fructose forms fructosates, e.g., with calcium hydroxide it forms 
calcium fructosatc, C B H 18 0*.CaO which is insoluble in water. 

(b) Reactions of the Ketonic group : 

(i) Reduction. When reduced with sodium amalgam and water 
or catalytically, or electrolytically, fructose gives a mixture of sorbitol 
and mannitol—two optical isomcrides. 

[H] 

CH,OH.CO(CHOH) s CH a OH —- CH,OH.(CHOH) 4 .CH,OH 
Fructose Mixture of Sorbitol and Mannitol 


(ii) Oxidation. Fructose is not oxidised by bromine water. A 
strong oxidising agent like nitric acid oxidises fructose to a mixture 
of trihydioxyglutaric, tartaric and glycollic acids. 


CH.OH 

COOH 

1 

ic [0] 

1 

(CHOH). 

CHOH 

j 

COOH 

| 

Trihydroxy- 

(CHOH), 

glutaric acid 

| 

CH.OH 


Fructose 



COOH CH|OH 

(ihlOH), -I- LooH 

| Glycollic 

COOH acid 

Tariaric acid 


(m) Reducing Action . Like glucose, fructose is also a strong 
reducing agent. It reduces both Fehling's solution and ammoniacal 
silver nitrate. Fructose reduces Fehling’s solution even though it 
contains a ketonic group (rather than an aldehyde group). This 
can be explained as due to the formation of glucose from fructose by 
enolisation. 


The alkaline reaction conditions facilitate the formation of an 
equilibrium mixture of keto and enol forms of the open chain struc¬ 
ture (see page 3' *4—action of alkalis), Enolisation results in the 
formation of glucose from fructose or vice versa. 

( iv ) Addition product with Hydrogen cyanide . Fructose forms a 
cyanohydrin with hydrogen cyanide. 


CH,OH.(CHOH) t v /UH 
iO+HCN — >Cf 

CH i OH / X CN 
Cyanohydrin 

(n) Action with Hydroxylamine. Fructose reacts with hydroxyl- 
amine to form the oxime. 


CH a OH. (CHOH)* n 

yC« 

CHiOH^ 
Fructose 


CH|OH.(CHOH) 


>■ 

CH.OH^ 

Fructose 


—H|0 CH 1 OH.(CHOH),s x 

ch,oh/ 

Oxime 


C-NOH 


(ei) Action of Phenylhydrazine. Fructose is condensed with 
phenylhydrazine to give phenylhydrazone. With excess of phcnyl- 
hydrazine it gives fructosazone, Fischer (1884-87) proposed the 
following mechanism for the formation of osazdne. 



3*104 


ORGANIC CHEMISTRY 


When heated with excess of phenylhydrazine, the phenyl- 
hydra zone first produced is oxidised. 'The primary alcoholic group 
o~iginally adjacent to the ketonic group is changed to the aldehyde 
group. This finally reacts with another molecule of phenylhydrazinc 
to yield fructosazonc (cf. glucosazonc). 


CH.OH 

1 

(CHOH), 

CH.OH 

(CHOH). 

C-*-O+H. N NH^Hi —h 

C-N.NHC.H, 

1 Phenylhydrazine 

CH.OH (First molecule) 

1 

CH.OH 

Fructose 

Phenylhydrazone 
of fructose 

CH.OH 

CH.OH 

1 

(CHOH). 

| 

(CHOH). 

1 

C-N.NHC.H. 

C=N.NHC.H, 

| 

CH i° NHC * H « — 

CH-N,NHC.H. 

Phenylhydrazine 

Fructosazone 


(Third molecule ) 


+C.H.NHNH, 

(Second molecule) 

-C.H.NH. ; —NH, 


Fischer mechanism does not explain the following : 


(t) How does phenylhydrazine, which is a powerful reducing 
agent, act as an oxidising agent in this case ? 

(ii) Why should only two carbon atoms be involved in the 
osazone formation ? 


Weygand (1940) suggested that osazone is produced as a result 
of Amadori rearrangement as given below : 

CH.OH C.H.NHNH, CH.OH CHOH 

lslmol. C-N.NHC.H, C.NH.NHC.H, 


Fructose 

CH.NH.NHC.H. 

a * 

C,NH.NH.C t H. 


Phcnylhydrazone % 

of f ructose 


CH-NNHC.H. 
CH NH.NH.C.H, 


C.H.NHNH, CH-O 
2nd mol. C^H.NHNH.C.H. 


I 

| —C.H.NH. 


CH-N.NH.C.H, CH-NH C.H.NH.NH, CH-N.NH.C.H, 

I or I -► 1 

C-*NH C-N.NH.C.H, JrdtUui. CU NNH.C.H. 

Fructosazone 

It should be noted that even the Weygand mechanism does 
not explain why only the first two carbon atoms be involved in 
osazone formation. 

(c) Other Reaction! : 

' « 

(») Fermentation. Fructose is fermented by yeast to ethyl 
alcohols 
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Yeast 

C«H ti O f --► 2C,H,OH + 2CO, 

Fructose Ethanol 

(it) Action of Alkalis . Fructose does not form a resin with 
alkalis. When warmed with dilute alkali, a mixture of glucose* 
fructose and mannose is obtained. This is called Lobry de Bruyn 
Alberda van Ekenstein rearrangement. For mechanism sec page 3 94. 

(iti) Action of concentrated hydrochloric acid . When heated 
with cone. HC1 fructose gives lacvulic acid. The yield is better 
than from glucose. 

Cone. HC1 

C.H^O,--► CH»CO.CH,.CH^.COOH + HCOOH + H.O 

Fructose Laevulic acid 

Tests. (») Add concentrated sulphuric acid to fructose, A 
brown colour is formed in cold which chvinges to black on heating. 

(ii) Pinoff’s test. Heat a solution of fructose with ammo¬ 
nium molybdate and a few drops of acetic acid. A blue coloration 
is obtained. 

(in) SelivauofF’s test. To fructose add a dilute solution of 
resorcinol in dilute hydrochloric acid. A deep reddish-brown preci¬ 
pitate soluble in alcohol is obtained. This teM is \used to distinguish 
it from glucose, which givps only slightly pink colour. 

(iv) Tests with Fehlmg’s solution and ammoniacal silver 
nitrate are similar to those for glucose ( see page 3’95). 

(?>) Furfural test. To a dilute solution of fructose (1 cm 8 ' 
add 1% alcoholic solution of a-naphthol (1 cm 3 ) and then about 
6 cm* of hydrochloric acid. A violet colour will be obtained on boil¬ 
ing the mixture. This is another te,si used for distinction between 
glucose and fructose 

Uses. Fructose finds use as sweetening agent and is used by 
diabetic patients in place of cane-sugar. 

9. Comparison between Glucose and Fructose, 

Points of Similarity : 

(i) Both give penta-acetyl derivatives with acetic anhydride. 

(it) With alcohols both give similar products—glucose give* 
glucoside and fructose gives fructoside. 

(tit) With hydrogen cyanide both give cyanohydrins. 

(ti^ With hydroxylamine both give similar oximes. 

(t>) With phenylhydrazine both give similar osazones. 

(ri) Both are strong reducing agents and reduce Fehling’s solu¬ 
tion and ammoniacal silver nitrate. 

(sti) Both on fermentation with yeast give ethanol. 

(sitt) When warmed with dilute alkali solution* both yield a 
mixture of glucose, fructose and mannose. 

(ix) Both give laevulic acid when heated with concentrated 
hydrochloric acid. 
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Points of Difference : 

(i) Glucosr is efortm-rotatory whereas fructose is loeso-rotatory 

(ti) Glucose on reduction gives sorbitol while fructose gives a 
mixture of sorbitol and mannitol with sodium amalgam and water. 

(Hi) Glucose on oxidation with nitric acid gives gluconic and 
glucarir acids but fructose gives a mixture of trihydioxyglutanc, 
tarianc and glycolhc acids. 

(w) With concentrated alkali, glucose gives a resinous mass, 
uuctose dors not. 

(v) With lime glucose gives calcium glucosate (soluble in 
water) whereas fructose viv^s calcium frurtosate which is insoluble 
in water. 

10. Constitution of Fructose. 

(a) MOLECULAR FORMU a. Molecular formula of fructose a? 
determined from its analytical data and molecular weight detrrnm 
nation is C 0 H 18 O,. 

(ft) Presence of 5 —OH Groups. When treated with acetic 
anhydride, fructose gives the penta-acetatc showing the presence of 
five hydroxy] groups. Since fructose is not easily dehydrated, each 
hydroxyl group must he attached to a different carlxm atom. 

(c) Presence and Position of a Ketonic Group. 

(t) With HCN fructose gives a cyanohydrin and with hydroxyl- 
amine it gives an oxime indicating the presence of a carbonyl group. 

(ii) When oxidised with nitric acid, fructose is converted into a 
mixture of trihydroxyglutaric, tartaric and glycollic acid. Since each 
one of these acids contains fewer carbon atoms than the fructose, 
the carbonyl group in fructose must be a ketonic group. 

(tii) On hydrolysing the cyanohydrin of fructose and reducing 
the product with hydriodic acid wc get 2-methylhexanoic acid. 

GH a CH 1 .CH 1 .CH 1 .CH.COOH 

I 

CH, 

This shows that the ketonic group in fructose is present 
adjacent to one of the terminal carbon atoms. 

(d) Carbon Atoms Arranged in Straight Chain. Fructose 
on reduction gives a mixture—sorbitol and mannitol. These on 
reduction with cone. HI and red phosphorus at 370K give a mix¬ 
ture of 2-iodohexane and n-hexane. This indicates that the six car¬ 
bon Atoms in fructose are arranged in a straight chain. 

(e) Open-chain Structure. Keeping the foregoing conclusion 
in view, the structural formula that can be assigned to fructose is 

GHjOH—CHOH—CHOH—CHOH—CO—CHjOH 
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The formula contains three structurally different chiral 
carbon atoms (shown black in the formula given below) and can, 
therefore, exist in 2*=eight optically active forms. Or these six are 
known. 

H H H H H 

llll I 

H—C-C-C-C-C—C—OH 

<4h d>H OH OH O h 

(/) Evidencb Against Open-chain Structure. This open- 
chain structure assigned to fructose readily accounts for most of the 
reactions satisfactorily but fails to explain the following : 

(i) Even though a ketonic group is present, it does not react 
with NaHSO,. 

(it) An aqueous solution of fructose shows mu tarotation which 
suggests that it exists in two forms. 

(iii) Two stereoisomeric methyl fructosides are known. 

(p) Ring Structure. To explain the above objections satis¬ 
factorily ring formula is proposed for fructose just as in the case of 
glucose. Thus a- and p-fructose are represented as : 


HO.H.C—OH 

1:hoh 

dlHOH 
cIhoh 

^H,- J 

■-Fructose 


unjun 

io 

Lhoh 
c!hoh 
<I;hoh 

d^H.OH 
Possible 
intermediate 
open-chain form 


HO—C—CHg.OH 

iHOH 

CHOH 

CHOH 

da*,- 


Fructose 


Various objections against the open-chain structure can be 
explained on the basis of ring structure as in the case of glucose. 

(A) Pyranosb Structure for Fructose. The hexagonal 
formula for fructose based on pyranc ring is gien below : 


H H 



■-Fructopyrsnosc p-Fructopyranofle 

TOC-III-SM*? 
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Fructose is also known to exist in y-form called a- and Mructo- 
furanose having a five-member oxide ring. Sucrose molecule ll 
made up of one glucose molecule and one fructose molecule. This 
fructose molecule in sucrose is y-fructose. The structure as well as 
the configuration of y-fructose is represented as follows : 



OH H OH H 


■-Fructofuranose S-Fructofuranoic 

11. Configuration of Fructose. — Glucose and fructose both 
give the same osazone. Further since osazone formation involves only 
the first two carbon atoms, it follows that the configuration of the rest 
of the molecule in glucose and fructose must be the same. Knowing 
Che configuration of glucose we write the configuration of fructose 


CHO CH-N.NHC.H, CH.OH 

H-C— OH t-N.NH.C.H, io 


HO— d —1! 

ho— d :—h 

ho-C-h 

1 C # H|NHNH, 

1 C 4 H,NHNH| 

H-C—OH «-- 

1 

H—C—OH-*■ 

1 

H—C—OH 
| 

X 

1 

-o- 

I 

o 

X 

H-C-OH 

1 

H-C-OH 

I 

CHfOH 

CH.OH 

CH,OH 

Glucose 

Osazone 

Fructose 


(Parts with identical configuration are enclosed within line.) 


12. Some Typical Conversions in Monosaccharide*.— 

Knowing the general reactions of monosaccharides we can devise 
schemes for the mutual transformations as shown in the examples 
given below : 

(a) Conversion of Glacoae into Fructose, It is carried out 

in the following steps : 

(i) Glucose is warmed with phenylhydrazine (excese) when it 
gives glucosazone (aee page 3*93). 

(ti) Glucosazone is treated with dilute hydrochloric acid when 
it gives glucosone by hydrolysis. 

(in) The latter on reduction with zinc dust and acetic acid gives 
fructose (an aldehyde group is reduced more readily than ketonio 
group). 



CARBOHYDRATES 


3109 


o 

1 

8 

CH-N.NHC a H, 

CH-0 

CH.OH 


L [H] 

CHOH 

N.NHC,H, +2H.O 

C-0 —+ 

i-o 

T ■* 

1 

(^HOH), 

I 

CHOH), 

(CHOH), —2C.H.NHNH, 

(CHOH), 

djH.OH 

<^H,OH 

CH.OH 

d;H a OH 

Glucose 

Glucosazone 

Glucosone 

Fructose 


These are general steps and can be used for converting any 
aldose into its corresponding ketosc. 

(6) Conversion of Fructose into Glucose. Fructose on cata¬ 
lytic reduction gives hcxitol (a mixture of sorbitol and mannitol) 
which on oxidation gives hexonic acid (a mixture of gluconic acid 
and mannonic acid). This loses water on heating to give a y-lactone 
which is subsequendy reduced with sodium amalgam in faintly acid 


solution to glucose. 

CH.OH 

CH.OH 


COOH 

1 H,/Ni 1 1 

C-0 

1 

CHOH 

I 

i°i 

CHOH 

| 

(CHOH). 

(CHOH), 

HNO, 

(CHOH). 

CH.OH 

1 

CH.OH 


CH.OH 

Fructose 

Hexitol 

-O- 


Hexonic moSd 

-H.O 


-CO(CHOK), -CH.CHOH.CH.OH 

Heat Y-lactonc 

2H 

CHO - (CHOH). —CH|OH 
Glucose 

Making use of these steps we can convert any ketose into its 
corresponding aldose. 

(c) Conversion of an Aldose into the next higher Aldose 

(Ascending the augar aeries). An aldose (say, aldopentose) may be con¬ 
verted into its next higher member (aidohexose here) by means of 

Kiliani reaction ( 1886 ). 

(i) The aldopentose is dissolved in dilute HGN and the cyano¬ 
hydrin obtained is hydrolysed with aqueous barium hydroxide. The 
mixture is acidified with a calculated quantity of dilute sulphuric 
acid and barium sulphate precipitate is filtered off. A pjlyaydroxy 
acid with six carbon atoms is obtained in aqueous solution. 

(*») The solution is evaporated to dryness when y-lactone is 
obtained. This on reduction with sodium amalgam in i'aimly acid 
solution yields an aidohexose. 

CHO CN cooa 

T HCN 7 (0 Ba(OH), 1 

(CHOH), --► CHOH CHOH 

I 1 («) H,SO, | 

CH.OH (CHOH), (CHOH), 

Aldopentose I I 

(Having five C-atoas) CH.OH CH,OH 

Cyanohydrin Polyhydroxy arid 

with six 1 
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CO-- 

Evaporate I j 

-- CHOH O 

to dryness [ I 

—H.O CHOH I 

<!h —• 

CHOH 

cIh.oh 

Y-lactooe 


CHO 


Na/Hg 

L 

■■■ 

CHOH 

in acid 
solution 

C^HOH 

1 


CHOH 


CHOH 

■ 


CH,OH 


Aldohexose 
(Having six C-atoms) 


(rf) Conversion of on Aldose into the nest lower Aldose 

[Descending the sugar series). An aldose (say, aldohexose) is convert¬ 
ed into its next lower aldose (aldopentose here) by Wohl’s method 
(1893) given below : 


(i) The aldohexosr is treated with hydroxylamine and the 
exixne produced is heated with acetic anhydride. In this way the 
oxime is dehydrated to the cyano-compound whereas the hydroxyl 
groups get acetylatrd. 


(it) The acetyl derivative is uarmed with axnmoniacal silver 
nitiate which removes the acetyl groups by hydrolysis and eliminate* 
a molecule of HCN. An aldopentose is obtained as a result of these 
changes. 


CH«0 CH-NOH 

I NH v OH I 


I NH.OH 

—-► 

1 

CHOH 

Ci* ^ A , 

i — Oi. 


(I:hoh), 

(CHOH), 

£h.OH 

CH.OH 

Aldohexose 

Oxime 


ICN 


c:ho|» 


(i:HOH), 


I:h,oh 


msaccharides 


CN 

(CH.C0),0 I 

CHO.COCH. 
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13, Sncroae, Cano-ongnr or Beet ingsr, GiAfOji. Sucrose 
bons of the most important compounds commercially. Cane-sugar 
has been known from early days and its crude form was separated 
from cane-juice. India has been the chief producer of' cane-sugar 
from time immemorial. Later on, other countries like Java, Cuba, 
Philippine*, etc., also started producing sugar and they contributed 
towards the development of better techniques for the production of 
refined sugar. 

Its main sources are sugarcane and beet. In cold countries 
iskfc Russia where beet is in abundance, it is extracted from beet. In 
tropical countries like India it is mostly obtained from sugarcan*. 
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Lower part of the suga/cane is sweeter as compared with the upper 
part while the percentage of sugar content varies with the quality 
of cane in different localities. Indian sugarcane contains about 
12-13% of sugar while it is about 19% in the sugarcane grown in 
Java. 

14. Manufacture of Sucroae. —The proc ess of manufacture 
of cane-sugar as followed in India involves the following steps ; 

(1) Extraction of the juice. Sugarcane is thoroughly cleaned 
and cut into short lengths soon after it is cut, to avoid fermentation 
which causes inversion of sucrose present into non-crystallizable 
sugars. These cane pieces are dropped over a continuous belt of 
steel plates called the cane-carrier, moving over roller chains. From 
the cane-carrier, these are conveyed to a crusher fitted with a 
set of revolving knives and cut into very small pieces. These 
small pieces in the form of a compact blanket are made to pass 
through two roller crushers and four sets of mills. After major 
quantity of the juice has been extracted by the crushers and the 
first two mills, cold or hot water is sprinkled over the bagasse where¬ 
by residual juice gets diluted and can be easily extracted by further 
milling. About 90-95% of the juice is usually extracted. Though 
98-99% of the juice can be extracted by repeated milling after sprink¬ 
ling water on the bagasse, yet it is not desirable. Intensive milling 
results in the increase of colloidal matter in the juice and the cost of 
evaporation supersedes the gain in the form of juice. The juice extrac¬ 
ted is weighed or measured as desired and sent for clarification. 

In case sugar is to be extracted from sugar-beet, it is sliced 
and put in hot water when the sugar present in the best diffuses out 
A number of tanks are used and worked on the principle of counter* 
turrents —concentrated solution comes in contact with fresh slices and 
the exhausted slices come in contact with fresh water and lose last 
traces of sugar in them. The solution obtained is treated like cane-juice. 

(2) Clarification of juice. The raw juice is a dark opaque 
liquid containing about 15% sucrose and small quantities of glucose, 
fructose, vegetable proteins, mineral salts, organic acids, colouring 
matter, gums and fine particles of bagasse suspended in it. Allowed 
to remain untreated for some time, it begins to ferment and the 
sucrose present changes to mixture of glucose and fructose (Invert 
sugar). In order to avoid this, the juice is not allowed to stand 
untreated for a long time. 

There are two main processes for clarification of juice : 

(i) Sulphitation. Adding milk of lime and treating with 
sulphur dioxide. 

(it) Carbonation . Adding milk of lim5 and treating with carbon 
dioxide. 

Both have advantages of their own. In fact combination of 
both is made use of to get better results. 

(a) Defecation. The juice is strained to remove suspended 
matter and treated with 2-3% lime till the pH value reaches 7’2 in 
tatib heated with steam coils. 
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Heating of the juice helps the coagulation of albuminoids by 
lime. The vegetable proteins are thus coagulated and the organic 
acids neutralized. These form a scum on the surface of the juice 
when the hot juice is transferred to settling tanks called subfideri. 
The scum at the surface aud the mud settling at the bottom are 
mechanically removed by passing the whole through a filter press, 
and the clear solution sent on to the conical tanks for carbonation or 
sulphitation, 

(b) Carbonation or Snlphltation. A current of carbon di¬ 
oxide is passed through the defecated juice, which contains unreacted 
lime and calcium sucrosate (carbonation). This removes the excess 
of lime as calcium carbonate and decomposes calcium sucrosate. 
Ci 1 H n 0 11 .3Ca O++3CaCO, 

Cal. sucrosate Sucrose 

Very often defecated juice is treated with sulphur dioxide 
(rndphitaiion) instead of carbon dioxide which serves the same pur¬ 
pose and bleaclies the juice in addition, and produces a juice with 
much lighter colour. It prevents formation of brown mass by 
oxidation, and brings about coagulation of gums and albuminoids 
more effectively. During the process of sulphitation the solution is 
maintained neutral. In some cases i sulphitation 1 follows * carbonatum \ 
The juice is filtered again to remove the precipitates. 

At present all big sugar factories in India are following double 
carbonation and double sulphitation process for the manufacture of 
nane-sugar. 

(3) Concentration and Crystallization. The clear juice is 
concentrated in a multiple effect evaporator (Fig. 49*1). Juice in 
die first pan is heated by exhaust steam from the engines of the 
factory. The concentrated juice from the first is taken to the second 
pan and heated there at a lower pressure, by steam from the first 
evaporator. The concentrated solution from the seiond pan is taken 
to the third pan and heated there at a still lower pressure by exhaust 
steam from the second evaporator. 
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Fig. 49* 1—A diagrammatic representation of the multiple effect evaporator 

To this concentrated juice sulphur dioxide is again applied* 
All through this process a strict control is maintained over the acidity- 




CARBOHYDRATES 


3 113 

of the solution otherwise there will be Josses due to inversion, fiefe 
(ruction or even discoloration may be there. 

The clear syrupy juice is just boiled in a vacuum pan till 
formation of sugar crystals begins. The contents of the vacuum pan 
(maas&cuite) are taken into the crystallizing tank and allowed to cool 
■lowly when the tiny crystals of sugar grow in size. 

(J) Separation of Crystals. The crystals along with the 
mother liquor (Afol'ivsea) are whirled in centrifugal mxchin-s where¬ 
in the molasses is rcunwd. A little molasses adhering to the crys¬ 
tals is removed by spraying cold water on the crystals and whirling 
in the centrifuge again. Th' 1 crystals are given a little bljae colour 
and dried by dropping though a long pip' through which hot air ii 
passing up and bagg< n 

(5) Refining of Sugar. Sugar in India is gencrajjy pul in the 
market as obtained in the above process. In foreign countiies it is 
further refined by dissolving the crystals in hot water and decolo¬ 
rising the solution with animal charcoal or norit (coconut charcoal). 
This is followed by filtration, concentration under reduced pressure 
and crystallization as usual. 

(6) Recovery of Sugar from Molasses. The milasses still 
contains sufficient amount of Sugar. It is boiled over agaL' to get a 
fresh crop of crystals. To rc' over sugar from the final molasses, the 
latter is treated chemically. It is diluted and treated with hot con¬ 
centrated solution of strontium hydroxide. Sucrose present formi 
a precipitate of strontium sucrosatr. This is separated, suspended 
in wacrr and treated with carbon dioxide when strontium carbonate 
separates as white precipitate and sucrose present in the solution 
is decolorised, concentrated and crystallized as above. 

C ia H„O n .2SrO + 2CO, + C u H„O n + 2SrCO. 

Sironiium sucrosate Sucrose 

In India sugar is not extracted chemically from molasses 
although still about 30 to 35 pn cent sugar is there. It is now being 
sent to distilleries where it is fermented and used in die manufacture 
of alcohol. 

15. Sugar Industry in India.—India is the accredited birth-place of 
sugarcane and sugar. However, the industry progressed considerably after 
1931 when il was granted protection. Number of sugar mills increased from 138 in 
1950-5 1 to 3IT) in 19*0-81. Today, the industry is the second largest in Tndia, 
next only in textiles. The industry employs about 1 *5 lakh worker, both 
skilled and unskilled. The industry is highly concentrated in U.r and Bihar 
though a trend towards dispersal is also noticeable, 

Estimated production or Sugar in India {in hkh tonnes) 

1960-61 1965-66 1970-71 1975-76 1979-80 1980-81 

307 35 4 37 4 42 5 33*6 64 6 

The industry is experiencing difficulty in promoting exports as well, 
because of the high cost of domestic * uir. This is due to several weuVi, os 
Of the industry, vir. (/) low yield per a:re of cane in India which is juti 15 
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tonnesas against 62 and 56 tonnes in Hawaii and Java, (//) high price Of cane 
which constitutes 60% of the cost of production of sugar and low sucrose 
content, (WO uneconomic size of many sugar factories, and (/v) short crushing 
season which lasts only 145 days in a year in India. 

There are three by-products of sugar industry, rtz., bagasse, molasses 
and press-mud. Bagasse was being used mainly as fuel for steam raising. 
In the Sixth Five-Year Plan it is going to be used for the manufacture Of 
paper pulp, cardboard and insulation board. Molasses has demand in the 
preparation of acetic acid, aconitic acid, power alcohol, chemicals, chloroform, 
plastics, etc. Press-mud finds use in the manufacture of carbn i paper and polish. 

16. Properties of Sucrose : Physical. It is a colourless, 
crystalline substance (m.p. 461K), sweet in taste and very soluble 
in water, but only sparingly soluble in alcohol. It is optically active 
(Dextro-rotatory) having specific rotation foclo -=+66’5° but does not 
exhibit nmtarntation. 

Chemical. (») Action of heat. When heated with a little 
water, it melts and gives an amorphous glassy mass (barky sugar) on 
cooling. 

On heating to about 470K, it loses water and gives caramel 
(brown mass) used in confectionery and colouring wine, etc. At still 
higher temperature it carbonises to give sugar charcoal. 

(it) Hydrolysis. On wanning with dilute mineral acids, it 
giv-s glucose and h uctos' by hydrolysis. 

C|iH,|Ou -f ri/O--*>C,HnO, -f- C,H| 1 O i 

Cane-sugar Glucose Fructose 

M D -+ 6650 Wd _ + 52 . 50 [m]D $2 c 

(Dextro-rotatory) (Dextro-) (laevo) 

- • 

The mixture is rotatory 

The change is called inversion as dextro-rotatory sucrose 
changes into toevo-rotatory mixture of glucose and fructuse, 

(ni) Oxidation. With concentrated nitric acid sucrose is 
oxidised to oxalic acid. 

CnHwOu+lSfOl—►6 (COOH) i 4- 511,0 
Sucrose Oxalic acid 

(to) Dehydration. With concentrated sulphuric acid it loses 
water to give sugar charcoal (charring of sugar). A smell of Sulphur 
dioxide is also noticed due to reduction of the acid. 

CitH tl 0 ll 4-[H|SOJ —¥ 12C 4- [UH.04-H.SO*] 

Sugar 

charcoal 

C+2H|S0 4 —»2SO a +CO|4-2H a O 

(v) Fermentation. An aqueous solution of sucrose with yeast 
gives alcohol by fermentation. 

Invertase la yeast 

CuHsiOu+HjO C|HijO| + G v Hii0 8 

Sucrose Glucose Fructose 

Zymase in yeast 

C # H u 0 8 2C*H 5 OH + 2CO a 

Glucose or Ethyl 

Fructose alcohol 

(vi) Formation of auerosates. Sucrose solution u*acts with 
lime or strontia to give r dcium or strontium $wrosate. 
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Ci|H M Oit+3Ca(OH)i > GnH|f0*'i*3Ca0’4'3H|0 

Sucrose Calcium sucrosaie 

(vit) Acetylation. With acetic anhydride sucrose gives an 
octa-acctyl derivative showing the presence of eight hydroxyl groups 
in the molecule. 

(vm) Action of concentrated hydrochloric acid. Gone 
hydrochloric acid on boiling with cane-sugar produces laevulinic acid 
Cone. HC1 

ChHhOu -► CH a COCHiCH t COOH 

Cane-sugar Laevulinic acid 

It does not contain any aldehyde or ketone group. It does not, 
therefore, give the characteristic properties of monosaccharides, 
t.g ., (i) it does not reduce ammoniacal AgNO s or Fehling’s solu¬ 
tion, (ii) it is stable towards alkalis, (tit) it does not give any osazonc 
with phenylhydrazine, (it;) it does not exhibit mutarotation. 

17* Uses. —(t) As an article of food and as sweetening agent 
in sweets and drinks ; (ii) in fruit preservation ; (in) in the prepa¬ 
ration of oxalic acid in the laboratory ; (\v) for the manufacture of 
e eta-acetate. 

18. Testa.—(t) Heat some sugar in a dry test tube, a charac¬ 
teristic smell is noticed. 

(ii) Heat some sugar with concentrated sulphuric acid. Charring 
takes place and a mixture of carbon dioxide and sulphur dioxide 
is evolved. 

(m) Sucrose gives Molisch’s test as described under glucose (sea 
page 3*95). 

(ia) Boil some sucrose solution with a few drops of dilute 
hydrochloric arid and add Fehling’s solution. A red precipitate is 
obtained due to its reduction to cuprous oxide. No reduction occurs 
if it is not first boiled with dilute acid. 

Sucrose gives the Salivanoff's test and the Furfural test as given 
by fructose. It does not give osazone and does not turn brown 
when heated with sodium hydroxide solution (Distinction from glv* 
cose and fructose). 

19. Constitution. — (i) Molecular formula of sucrose as dctei- 
mined from its analytical data and molecular weight determination 

Ui) On hydrolysis sucrose gives a mixture of glucose and fruc¬ 
tose, showing that in the molecule of sucrose, glucose and fructose 
molecules are linked through an oxygen atom. 

(tit) Sucrose is not a reducing sugar, it docs not reduce 
Fehling’s solution and it does not give an oxime or an osazone. This, 
shows that neither the aldehyde group of glucose nor the ketonic 
group of fructose is free in sucrose. 

(i iv ) It gives octa-acetyl derivatives showing the presence of 
sight hydroxyl group!. 
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It may be noted that the fructose molecule in sucrose exists as 
furanose ring (y-form) and on hydrolysis the y-form changes into 
the pyranose ring (inform). 

20. Maltose, CuHnOu.—It is obtained by the action of engyme diastaM 
present in malt on starch. 

It is a white crystalline solid (m.p, 433-43BK). It is very soluble in water 
and the solution is dextro- rotatory. It is sweet in taste and is about one-third 
as sweet as sucrose. It is a reducing sugar, e.g. t it reduces Fchling’s solution. 
It forms an oxime and an osazone and undergoes mutarotation. This indicates 
that at least one aldehyde group of the two molecules of glucose is free in mil to to. 
On hydrolysis with dilute hydrochloric acid or the enzyme maltase it gives glucose 
(2 molecules). 

Its structure is shown to be as given below : 
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Maltose finds use in the manufacture of malted milk and 
various types of food for the infants. 

21. Lactose (Milk Sugar), CuHhO,,.—I t is present in the milk of all 
animals. It is manufactured from whey (a by-product obtained in the manufac¬ 
ture of cheese) by evaporation to crystallization. 

It is a white crystalline solid (m.p. 476K with decomposition). It is 
soluble in water and the solution is dex/ro-rotatory and shows mutarotation. It 
is a reducing sugar and reduces Fehling’s solution. It forms an oxime and an 
otazone. On hydrolysis it gives one molecule of glucose and one molecule or 
sugar called galactose. 

Its structure has been shown to be : 
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Lactose is sweet in taste but much less sweet as compared to sucrose. 
Relative sweetness of various sugars is as follows : 

Sucrose Lactose Maltose Glucose Fructose 
100 16 33 74- 173 


POLYSACCHARIDES 

22. Starch (Amyluin), (C B H, 0 O*)».—Amyliun is the ordinary 
Starch which occurs in all green plants. A molecule of starch is 
built of a large number of a-glucose rings joined through oxygen 
atoms* Comma rial sources of starch arc wheat, barley, maize, 
potatoes and arrowroot, In these starch occurs in the form of loosely 
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packed granules which vary in shape and size* Shapes of these 
granules as seen under a microscope are given below : 



Potato Wheat Rice 

Fig. 49 2—Starch granules as seen under microscope. 

Manufacture. The process of manufacture of starch from 
corn or any of the other starchy materials consists in rupturing cell 
walls when the enclosed starch granules are exposed and washed to 
remove cellulose. 


CORN U5TCT 
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Fig. 49 3—Flow sheet for the manufacture of starch. 

Cereal or plant, from which starch is to be manufactured, is 
washed with water in a washing machine when any dirt sticking is 
washed away. Rice, if used as raw material, is treated with dilute 
caustic soda solution before washing to remove gum and" 
gluten (cellulose and protein materials;. After washing, it is dis¬ 
integrated mechanically when a paste-like mass called pulp is ob¬ 
tained containing starch granules exposed after disintegration along 
with finely divided fibrous tissue. The mixture is taken to a sifting 
machine and thoroughly washed with water and then sieved through 
fine^ brass-wire sieves when coarser particles of cellulose are left 
behind on the sieve and are used as fodder. Smaller particles of 
■tarch and some fibrous matter pass down as milky aqueous suspen- 
rioa. This is allowed to stand when heavier starch granules settle wt 
the bottom. The lighter particles of cellulose are deposited to a very 
■nail extent and that too only in the last layers and are scraped 
off. The starch pulp so obtained is again treated with water when 
ffaith particles settle down and the supernatant layer is decanted off. 
It is then centrifuged to free it from the bulk of water present and 
ffowiy dried in air or by heating it gently in ovens till it contains 
only 12-20% moisture when it is ready for the market 
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Properties : Physical. Starch ia tasteless, odourless, while 
amorphous powder insoluble in water. Soluble starch is obtained 
by heating ordinary starch with 10 per cent hydrochloric acid for 
24 hours and then precipitating with alcohol. When boiled with 
water, starch granules swell up and burst to form a colloidal solu¬ 
tion called starch paste. Starch granules vary in shape and size with 
the source. 

Chemical, (i) Action of heat. When heated to 470-530K, 
starch changrs into dextrin—a gummy substance used in calico- 
printing and as an adhesive. Charring occurs at higher temperature. 

(ri) Hydrolysis . When boiled with dilute mineral acids, it is 
first converted into dextrin and finally into glucose. 

(C.HjnOj)-^(C„H ] 0 O 5 ) m -►C 6 H n O. 

Starch Dextrin Glucose 

Both n and n 1 are unknown but n is believed to be greater than 74 . 

Hydrolysis of starch with malt extract containing the enzyme 
diastasr gives maltose. 

Diastase: in 

2(C t H, n 0J.+wH,0 .--► nCuHaOn 

Starch malt extract Maltose 

(iiO Action with Iodine . With iodine starch gives a blue colour 
which disappears on heating ro 350K and reappears on cooling (A 
sensitive test for starch ). 

Uses of Starch and its Derivatives. Starch and its deriva¬ 
tives arc put to the following uses : 

(») It is one of the most valuable constituents of food as rice, 
bread, corn-flour, potato, etc. 

(»i) In large quantities it is used for the mmufacture of glucose. 

(Hi) 11 forms the basis of brewing industry as raw material in 
the manufacture of alcohol. 

(is) For the manufacture of dextrin and adhesives (starch paste). 

(v) In paper industry it is used for sizing paper. 

(vi) Its use in laundry as a stiffening agent and in toilet prepa¬ 
rations is worth mentioning. 

(cu) Used in textile industry for giving a finish to cotton 
fabrics. 

(viii) Used in caiico-printing as a thickening agent lor colours. 

(ur) Starch acetate, a derivative of starch, is a transparent 
gelatin-like mass. This is being used mainly for making sweets. 

(; x ) Another derivative of starch is nitro-starch which is used 
as an explosive for blasting purposes. 

Structure of Starch. It is now established that starch is a 
mixture of two components—a-amylose (17-34%) and /3-amylose 
(amylopectin). In one of the several ways of separation, u-butyl 
alcohol is added to a hot colloidal solution of starch in water and the 
mixture is cooled, a-Amy lose gets precipitated and ip removed. 
Amylopectin is recovered from the mother liquor by adding 
methanol. 
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a-Amylose is soluble in water and gives a blue colour with 
iodine* Its molecular weight is of the order of 1 x 10®. The molecule is 
a straight chain composed of approximately 300 glucose units. 

Amylopectin is insoluble in water and gives a violet colour with 
iodine. Us molecular wtight is of the order 5x 10 4 to 10 8 . It is 
commonly believed to be composed of three types of chains, each 
consisting of about 24 glucose units. 

23. Dextrin, (CJI lt O,)*.—It » prepared by the partial hydrolysis or 
starch with boiling water under pressure at 520K. 

Dextrin is a white powder and finds use in sizing paper and in the 
manufacture of adhesives and confectionery, 

24. ImtJJii, —This special variety of starch occurs in 

dahlia tubers and Jerusalem artichokes. It is a white powder insoluble in cold 
water. With hot water it forms a colloidal solution which does not form a gel 
on cooling. It gives only fructose on hydrolysis and does not give any colour 
with iodine. 

25. Glycogen, (C«H,|O k )n.—It is called animal starch and is found in all 
animal cells, mainly in the liver. Its combustion supplies energy neede for 
life. It is a white powder soluble in water and the solution with dilute acid gives 
a purplish red colour with iodine. It gives glucose on hydrolysis. 

26. Cellulose^ (C 6 H 10 O 6 ) n . —It is the main constituent of the 
ceil walls of plants. Cotton and wood constitute two main sources 
of cellulose. Cotton and filter paper are almost pure cellulose. 

Properties : Physical. Cellulose is a white amorphous solid, 
iftrolublc in water but soluble in ammoniacal copper hydroxide 
solution (Schcuntzcr’s reagent). 

Chemical, ft) Action of Concentrated Sulphuric Acid. Cellulose 
dissolves in cold concentrated sulphuric acid but is precipitated as 
amyloid on dilution. 

Expt. Dip an ordinary paper in concentrated sulphuric acid for a 
moment and wash with water. The paper obtained with rough surface due to 
the precipitation of amyloid is called parchment paper. 

(si) Hydrolysis « On hydrolysis by boiling with dilute acid, 
aellulose gives glucose. 

(iii) Action of Alkali . Cellulose is unafFrcted by dilute alkali. 
// immersed in strong caustic soda solution , stretched cotton fibres swell 
and become rojrnded, stronger and more lustrous (silky appearance). 
This process is called mercerizing. 

(ip) With Acetic anhydride^ cellulose forms triacetate. 

(v) Nitration . With a mixture of concentrated sulphuric and 
nitric acids, it forms cellulose nitrate. Oun coUon 9 an explo>ive 
used in the manufacture of smokeless powders, is cellulose trinit¬ 
rate. 

Uses, It finds use in the manufacture of paper, rayon, cellu¬ 
loid, collodion films, cinema films and explosives, e.p., gun cotton, 
cordite, 

27, Celluloid.—The transparent plastic material obtained when pood? 
nitimted cellulose is heated with camphor under pressure is called CeUulffkt. It 
out be moulded while hot and Is used in making toys and other articles of 
dally use. 
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2®. Collodion.—It is 3*5 per ctn: solulion of lower cellulose nitrate in 
alcohol (1 part) and ether (3 parts) and is being used in medicine, photography 
and in the manufacture of rayons. 

29. Importance of Carbohydrates for the Living 
Systems.—Stairh and sugars get hydroly'eJ to glucose by enzy¬ 
mes present in the various juices s< c otvd by different organs in the 
human and animal digestive systems. GIul jse 5 > produced is 
transported from cell to cell by the blood. Slow combustion of 
glucose by a scries of steps provides energy necessary for functioning 
of the living body and doing day's work. In plants glucose is carried 
from cell to cell by sap. 

C.HjgOe + 60 2 -► GCO a + GH a O ; AH=-2,832 kj 

The body stores a pat t of carbohydrate* for the rainy day in 
liver as glycogen called animal startb. In case of emergency like 
fasting or illness, glycogen hydrolyses to glucose and thus 
supplies the necessary energy. 

No other food will act so quickly as sugar to supply energy 
when you fee 1 exhausted. It is speedily digested, assimilated and 
converted into the requisite fuel. 

Different enzymes are required for hydrolysis of cellulose. 
These are absent in the human body but present in the digestive 
system of various grazing animals which can. therefore, use cellulose 
of grass and plants as food. 

30. Artificial Silk or liavon. -In term ravon includes all 
synthetic fibres manufactured IV v i 11 u o'. There arc four 
processes for hs manufacture : 

(0 Cellulose nitrate process 

(«) Cellulose acetate process 
(m) Ciipraminonium process 
(ir) Viscose process 

Today moi^t of the rayon is manufactured by the viscose process 
and the term rayon is most often applied to viscose yarns. The 
cellulose needed for the manufacture of rayon is obtained from 
wood-pulp and cotton-linters. Yarn manufactured from other 
sources is inferior in quality. 

(/ 1 ) Cellulose nitrate process. Cellulose is nitrated with a 
diluted mixture of niti ic and sulphuric aalds when mono- and dr 
nitrates are obtained rmd arc known as pyroxylin ’n ihe solid state. 
Pyroxylin is dissolved in a mixture of alcohol and ether to get collo¬ 
dion. This is forced through glass capillary tubes into the air when 
the solvent evaporates leaving behind threads of cellulose nitrate. 
These are digested with caustic soda or sodium bisulphite solution 
when the cellulose nitrate gives cellulose. The process is costly due 
to the high cost or chemicals required. 

(A) Cellulose acetate process. Cellulose is treated with 
acetic anhydride in .the presence of sulphuric acid when cellulose 
triacetate is obtained. This is decomposed with water to get the 
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diacetate which is next washed, dried and dissolved in acetone mixed 
with some other organic solvents. The solution is forced through a 
spinneret into a warm chamber when the solvent evaporates leaving 
behind threads of ceJulose acetate. The fibre obtained burns with 
difficulty but the process is costly. The product is termed celanese 
silk. 

(e) Cuprammonium process. Cellulose is dissolved in 
amxnoniacal copper hydroxide solution and the solution is forced 
through a spinneret into a sulphuric add bath where the cellulose 

E ts precipitated as fine threads. The fibre obtained is cheap and is 
own as cupra silk 

(d ) Viscose process. In the viscose process cellulose is soaked 
in a 20 per cent caustic soda solution for about three hours. The 
alkali solution is removed and the product is treated with carbon 
disulphide. This gives a mixture of cellulose xanthates which is 
dissolved in sodium hydroxide solution. 

/OR 

R—OH + CS* + NaOH S=C<; <J> H.O 

(Wherein R* cellulose) \SNa 

Sod.cellulose xanthatc 

The alkaline solution of sodium cellulose xanthates has a high 
viscosity and is, therefore, called viscose solution. This is care¬ 
fully filtered and forced through a spinneret into a bath of dilute 



Fig. 49'4^Spinneret used for making rayon, 
sulphuric acid which harden* the gum*like threads into rayon fibres 
(Fig. 49-4). 

The silk obtained by this process is termed viscose rayon. This 
is the cheapest process and commonly used, 

30, Paper.—Paper is playing a very important role in our 
civilised society. It is at present an important means of transmission 
of thought through books, journals and newspapers. Chemically, 
paper is practically pure cellulose, (C*H w O*)ii. 
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Raw materials used in the manufacture of paper. 

formerly paper was manufactured almost exclusively from rags. At 
present it is preparrd mainly from fibrous materials su< h as wood, 
straw, bagasse, bamboo, asparto grass ami hkabhnr giass. Die rho'ce 
of a paiticular raw material is dct~i mined by its econom.i s *vt*l! as 
technical suitability. Various points rnnsidrred are : 

(») Is there an ample supply of the raw mateiials ? 

(if) Is it available in all seasons ol the year ? 

(m) The yield and quality of the fibre it gives. 

(iv) Its cost of collection and transport as w dl as the i ost of 
converting it into paper. 

Manufacture of Pulp. The first step in the rrnnulai ture of 
paper is i ouvnsjon of Lhe fibrous miterial into pulp. Two processes 
used for the purpose are : 

Mechanic At Process. Mechanical pulp is obtained from 
relativt ly soft wor.d like pine, T he short, unbarked lo^s are subjected 
to mechanical grinding in presence of water. Th*“ pulpy material 
thus produced contains all the matter (ligno-cMIulnst) pi f sent in the 
original wood. Mechanical pulp is difficult to bleach and is used 
for manufacturing inferior paper such as newsprint, wall-paper, etc. 
This paper turns yellow with age and cannot, therefore, be used for 
printing books, etc. 

Chemical Process. In this process the raw material is cut 
into chips and digested under pressure (“cooked”) with either (i) a 
solution of calcium bisulphite, Ca(HS0 3 ) a (Sulphite process) or 
(ii) a solution of caustic soda (soda process). This dissolves out the 
lignin which together with cellulose makes up the solid part of its 
structure. The product obtained is more or less pure cf Uulose. It is 
technically known as “half stuff”* 

The pulpy material, so obtained, is washed and screened. It 
is then bleached by adding chlorine and vati r or with ‘bleach liquor 
The bleached pulp is Ik urn with water in a ‘pulp bvitrr*. Beating 
is the process of reducing the hbrrs to minult shreds and causing 
them to absorb and hold mop- water—an operation ofu n icf rrrj to 
as 'hydration'. 

Filling and Sizing The heater ; s used as a convenient place 
to mix Tilling materials, rolrciiug matter and sb’ng 
Fillers or loading materials arc wious inorganic, subsr c s like clav, 
calcium carbonate, calcium sulphate, talc, titanuim dioxide an ! sim. 
sulphide. These give the proper body to paper, improve the appear* 
ance, make better printing surface, imrease the opacity and i-duce 
the cost. 

Some ultramarine is aJdcd to give it the desired shade. Some 
Other colouring materials may be added to give it the desired shade 
of colour. 

To prevent spreading of ink as on a blotting paper, the paper 
requires “sizing”. For this purpose some sizing materials like rosin, 
starch, glue or casein arc either added to the beater or applied to the 
Sheet of paper during its manufacture. 

TOC-II13 8W 
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Manufacture of Paper. The thm suspension obtained from 
the beater is railed 'mup' b> the p.tper maker. Jt is taken to a tank 
called the f stnck Ih>x\ lh soup Is forced through a thin slit in the 
bottom ol the stock liox. Ft falls on *m endless band of fine wire- 
gati7t soi' n a motion, Asdic s i « n moves forward, lu. k water 
pre^nt in sot*;) Imiiis through it thr fibres rnat together. The 
p;or ss of ura'iuii" is ,*$MS,.\lbv .vcuuni iro/Ti rJjt s iction Ijoxcs 
# »vw which the ujr -?<n f zr screen t,dvch. 

TV fibrous sneer n xt passes b ‘\v< en heavy pic >s lolls covered 
jviL rVu. II re eh auss ul wai i is iamoved. Tin* sh *» t is tiien 
pas>n<l between donui t ) Unders which arc steam heated. In some 
caies> whi i* mzui< materials have not been added in the beater, these 
aie applied h< re m me cliiir section or even after the driers. Sizing 
material* are mad * mio a paste and applied to one or both sides of 
the paper sir - t. The rx< iss material »‘s removed as the she'*t passes 
brtwn n sqm'■ *t mils. 

Calendering, The surUie ol the drud sheet is generally 
-<iuyh and im ^ul )t. ft s passed through a series of very hot and 
polished i r IK. Asa result ot a the surface becomes compact and 
snmodi and it uik“s a line glaze. The process is known as calendering, 

Altu caleiid^iiiig the dieet goes to tin* leil where ir is wound 
nto huge mils of finished paper. The roll when full is sent to the 
slitting machine lor cutting paper into rolls of proper width and 
diarm In . 

Important uses; of paper : 

(i) Tissue paper is the lightest weight thin papn turd for nap¬ 
kins, toilet papers and light weight wiappings. 

(ii' For making bags and envelopes and as packing paper. 

{Hi) For writing purj asa r. 

(rV For printing books, journals and newspapers. 

(r) In budding, linek bulky pipers som'times rmx»»d with 
.xsbr ^:os ai employed in construction work. For example, sftuit.hing 
puj*™ to prLvent wmd Irom penetrating buildings ; felt papers for 
heat lnsiiletiuii ; feh papers saturated with asphalt to nnke roofing 
material; dindming f it for acoustic properties in walls and lU*ors. 

(vi) In the manufacture of cardboard which finds a vaiiety of uses 
sut h as in iking containers, i\ illboard, bottle caps and for binding. 

Paier Indjstn in fudU. Hu manufacture of machine-made paper In 
Inaia dales back to lV7Pwlicn the ihv. mill wa* established on ihe Hooghly. 
There wre 2" mills in -Aiih West Bengal accounting for 6 mills, Mihirashtra 
4 mills. Andhra and Karnataka .1 mills each, Orissa and Uttar Pradesh 2 mills 
each and Jlihar, Gujarat, Haryana and Kerala 1 each. At present, jabafgrass and 
batoboo arc the principal raw materials for paper manufacture in India. Thera 
is only one newsprint factory at Nepanagar (Madhya Pradesh). Two other 
mam factoring units in the private sector have also been licensed with a total 
capacity of 90,000 tonne*. To meet the shortage of paper, it has been proposed 
to substitute bagasse (so far used as fuel in sugar industry) and other new raw 
materials for bamboo, raw material being used at present. There are proposals 
to nr.amifaciu/c paper from firewood* 
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Th« Hindustan fcjpor Corporation Ltd., Njw Delhi, set up in 1970 Is a 
public sector undertaking. It has drawn up plans to set up three pulp and paper 
projects and one newsprint proj^t. The Nagaland project with an annua! 
capacity or 3.1,000 tonnes or writing anJ printing paper is expected to go on 
Stream soon. Tne remaining two units—the Nowgong pan.-r and palp 
project and the Cachar pulp and paper project when set up will h avc an installed 
capacity or one lakh tonnes per annum each. The Kerala newsprint project 
started in 1975 at Velloor will have an installed capacity or 83 thousnd tonnes 
per Annum. It hd9 started trial production. 


Estimated Capacity and Production of Paper in India (In th. tonnes) 


1960-61 

1965-66 

1970-71 

1975-76 

1940-81 

Paper and Paper board 






Capacity 

410 

770 

1,000 

1.0SH 

1,058 

Production 

350 

558 

755 

856 

1149 

Newsprint 






Capacity 

30 

3d 

10 

75 

75 

Production 

23 

28 

3d 

55 

55 


Although the paper industry has increased its production considerably, tho 
output is not yet adequate. It is expected that Indian paper industry will soon 
meet the entire requirement of the country and may be in a p >sition to export 
paper outside. 

QUESTIONS 

Essay Type: 

1. Wnat are carbohydrates and how are they classified ? Give examples. 

What is their importance in everyday life 7 (Mysore B Sc. 1976, 72) 

2. How is glucose minura:turcJ 7 Discuss briefly ihe properties of 

glucose (Mysore B Sc. 1972) 

3. Dismiss I he structure of gl icose giving the experimental evidence on 

which it is based. (Kashmir B. Sc 1974 ; Delhi 1974 ; Agrj 1)7} ; 

Pa tjab 1976 Supp. ; Utkal 1976 , Kamitak i772 ; Mysore 1476, 72) 

4. Discuss the configuration ot glucose and turmoil evidence in favour of 

itB pyranose ring structure. ( Karnatak B.Sc. 1972 ; Mysore 1976 ) 

5. What is fructose ? How docs it occur in na f ure 7 How is me eon* 
pound manufactured 7 Describe its important reactions. (Jibalpur B.Sc. 19715) 

6. How is fructose prepared? Discuss the constPutnn and configura¬ 
tion of fructose. (Punjab /J.Sc. 1976 Sapp.) 

7. Give an account of the impolitic:; reue ions m which glucose and 
fructose resemble aldehydes and ketones respclively, la what respects do they 
differ from them ? 

8. How will you obtain: (u) Fructose from Glucose (rra kelohexose 
from an aldohexose) and vice versa 7 

(Kerala B.Sc. 1975 ; Hi?pur /<??/ ■ 1977 \ Delhi 1977) 

(A) Glucose from Arabinosc (or dii aldncxc>r' t: -m an nMopemose) 
and vice versa. (Delhi B.Sc. 19^7 ; Madras 1977 ; Utkal 1976) 

Or 

Write an account of methods for 

(а) Descending and ascending the sugar series, 

(б) Conversion of an aldose into a ketone and vice versa. 

(Delhi J 147/ , // ; Vf idf-jr 1)77) 

9. Wnat is mutaroiation ? How is it explain;d tt 

(Delhi B.Sc. Hons. Sub. 1979 Sapp. ; Afjrfrar B.Sc. 1)77, 75 ; O.mn i 1)74) 

10. (o) How is sucrose manufactured 7 Wn«r do you kno* a >oat sugar 

industry in India ? (D.lhi B.Sc , 1977 \ N*jp *r 1976) 

( b ) What are the chemical properties of cane-sugar. 

(c) Discuss the evidence on which the structure of sucrose is based. 

11. Compare the physical and chemical properties of glucose, fructose 

and iticrose. (Karnatak B.Sc , 1972) 

m 12. Discuss the manufacture of starch, Givj the industrial applications 
of starch and cellulose. (Mysore B.Sc. 1972) 
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13. Write notes on : 

(a) Artificial silk* {Agra B.Sc. 1973} 

( b ) ManuiaUure of paper. (c) Celluloid. 

[d) Sokble staich, (.\yra B.Sc. 1973) 

(e) Denvrtivc\s of cellulose. [Madras B.Sc. 1977) 

14. Establish the open-chain formula oi fiuctose. Write down its ring 

Structure. How does the ring structure explain mutarotaiion exhibited by 
fructose ? (Delhi B.Sc. 1977 Sapp.) 

15. Give Amadou rearrangement for the formation of osazone from 

inclose. (Delhi B.Sc. Hons, 1977 ) 

Short Answer Type : 

1. Whattjpcs r>» uibsMuces are included in the term carbohyuratea 

now ? 

2 . Give molecu'.u formulae of (/) Arabinose. (iY) glucose, [Hi) 
fructose, | iv ) sucrose, (h maltose, (v/) starch, (vii) cellulose. 

3. Write jqua’nns f >r the hydrolysis of (/) sucrose, (u) starch, 
(Iff) inuhn. 

4. Write equations for the action ol m a wtic anhs Jride, (if) methanol, 
(tti) line, (/») Br, water. H) HNO„ (v/) Co ic HI4-Red P at 37tK. n i n) 
HCN on glucose and fructose 

5. What is the action of phenylhydrir e, hydroxy la mine, caustic soda* 
cone. HC1 and yeast on glucose and fructose ? 

5. Write equations for the conversion of glucose into fructose and 
vtco versa. (Delhi B.Sc. Hon*. 1979) 

7. Write down the configuration: 1 formulae for D-glucoae and o-fruc- 
lose and answer the following question : 

Would they give the same or different osazone ? Explain with equations 

(Burduan B.Sc. 1977 ) 

8. Write equations for (/) hydrolysis, (|7) oxidation, (ill) dehydration. 
(Jv) feimentation and deviation of sucrose. 

9. Write equations for the reaction of lime On glucose, fructose and 
sucrose. 

10. Name the monn',/<.chdndes which the following g.ve on hydrolysis : 

(i) sucrose, In) nnltose, | lii) lactose, Uv) starch, (v) inulir. 

11. What is mereeri 2 >n»i r 

12. Name the verio steps involved in th' manufacture of paper. 

13. How ol M*»»\eoht * 'tl from cane-sugar * 

(Delhi B.Sc . Hons Sub. 1977) 

14. Starting fuv’ ikk >s: how can y ni obtain : 10 Osazone, (ii) Sorbitol, 

(Hi) fructose, (?V)«-1 exane ’ (Delhi B. Sr. Horn Sub. I97?\ 

1*. Why can’t wt Mibtnute starch by cellulose (gress) in our food 
wl treas grazing an in iris c,m ° 

16. (o) Vht*t ' iK icui rt} cordiliot f W different sugars to produce 
iden icil osazori*? G” t v e nut! anisrn uT g'u^sazone and frucasazoce 
flvi'i atu n. 

(b) Hi.w would \ crnscii glucose into g'uc'nic and ghiuironii .ici" 

Delhi B.Sc. 1979) 

17. Ken nes r.-nnot he rxivl ssd by mi!d oxidising agent, yet fructoses 
oxidised bv F’ehling‘s mi'u' i n Explain. 

18. Which f the fothMVing wiP give a positive test with IVlmg’s 
solution ? 

(a) Cane-sugar [h) malt svget fr) invert sugar 

id) glucose fruch.sc (^mannose 

U e) mulin (h) March (M lactos* 

19. Specific rotation or a-D-Fructose is -210°, that of p-D-fructose 
ti —130 1 0 Specific rt tutu i< of their equilibrium mixture has been found to be 
—Calculate the percentage composition of the equilibrium mixture. 



6 

Proteins 

1. In trod action.—Ann "mg th^ mist imp Ktant u id ubiiimt 
substances >vhich make up tli: living orgmlsmi i^e tin conpoinds 
called proteins. These have a variety of functiois in ih? body. Sam? 
of these are fibrous and are ttr* main components of th' Iiur, m isclsi 
and skin. A numb *1 of them are present in th„ body fli d< and serve 
as carriers of inorgmic and organic compounds. In adivion, proteins 
help in communication (nerves), defence (antibodies), metabolic 
regulation (hormones) and oxvgcn transport (haemoglob'n) We are 
familiar with enzvines which act a*> CiUlysts and oTrolmmy bio¬ 
chemical reactioas which make it passible lor us to hvc. Fn *^r are pro¬ 
tein catalysts. It is an essential constituent of oar food. Auimils can 
In e without fat and carbohvdr itcs for a long tim * b it nit without 
proteins. They require proteins for growth (».c M for b lidding new 
cells) and maintenance (i.e., for replacement of proteins Iron by wsar 
and tear of tissues). The mmc pmiein was givm by Mulder (1838) 
and was derived from the Greek word pTotins (meaning to take the 
first place). 

Plants build up their proteins from carbon dioxide, water, 
mineral salts in the soil (nitrates and ammonium salts) and solar 
energy. Animals derive their proteins ultimately from plants- 
Animals eat plants and during the process of digestion the plant 
proteins are hydrolysed by enzymes producing amino acids which 
arc absorbed by blood and reach the various tis>u's. Tne animil 
proteins are synthesised from these amino acids. The approximate 
protein content of som * common foodstuffs is given in the following 
table. 

Table 50 1—Protein content of som? comma Foodstuffs 


FoodiMf 


Protein% 

Foodstuff 

Protefa% 

Milk 


r 

... 5 ! 

White of the egg 

125 

Cheese 


1 

J3 

Egg yolk 

16 

Peas 


>! ! 

| 

Meal 

~ 2*26 

Potatoes 


... 2 ! 

1 

Banana 

15 

Wheat 


.. 14 

Maize 

10 


2. Composition of Proteins. —Composition of protein: 
varies with source. An approximite composition any, ho v *v;r, be 
given as : carbon 50A3% ; hydrogen 6 7% ; oxygm °.3-25% ; 
nitrogen 16-17%; sulphur about 1%. O.her elemmts raiy also 
be present, t.g^ phosphorus (in nucleoprofcins), iodhn (in thyroid 
protein) ard iton (in haemoglobin). 
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. The molecular weights of proteins cannot be determined with 
high precision lut all values recoidcd for the individual proteins 
point to vtry largr molcculrs*. Values of molecular weights below 
20,000 aie iaio. Approximate values of molecular weights of some 
common proteins arc ghen below : 

Table 50 2 

Proteins Approx mol. wt. 


Zein (from com), pepsin and insulin 
Egg albumin 
Haemoglobin 
Urease (an enzyme) 

Certain plant viruses 


35,000-40,000 

45,000 

60,000-70, 00v 
4,80,000 
10-50 mil bon 


Molecular complexity of pioium will be best indicated by a 
ipccihc example. Taking 32,000 as molecular weight of casein, its 
rooleci lar foirnil** should be C lllfl H MM N 3i0 O l4B S 8 P b 


3. Nature of Proteins.—YVe have read about poly saccharides, 
Stau h and rrllulost which are made up of a large number of glucose 
molecules linked with rarh other. Proteins like the 
poly sac chaiidt s ^rc all polymeric substances. All NH* 
proteins, when subjeru d to treatment with strong | 

acids, di polymerize into their monomeric compo- R- -(J- 
nents, all of which are a-amino acids of the general | 

formula given in the margin. The symbol R H 

represents ar organic radical which may range from an II atom to a 
large aliphatic or aromatic group as given in Table 50*3. 

Table 50-3—Composition of R for a few amino acids 


c /° 

^OH 


Name (Symbol) R 


Name (Symbol) R 


Glycine tgfy) 
Alanine {ala) 
Valine i\al) 
Cysteine 


H Aspartic acid {asp) HOOC.CH,- 

CH,— Glutamic acid (g/u) HOOC.CH*.CH.- 
(CH*),CH— Lysine (lys) H a N CH..CH..CH..CH,- 
US—CH I — PhenylalamiLe {phe) C|H§.CH|- 


Tw nty mx different amino acids hate been isolated from 
protein breakdown, of which tight aie essential amino acids since 
they cannot be synthesised by man and must be included in the diet 
for propf i health. 

One of tl t most mpoitdiit chemical pronrties of amino acids 
is their ability to link together with the loss ol a water molecule, 
founing a peptide linkage as a result of reaction of the acid group 
on one molecule with the basic group on another. 



PtPllOC 
LfNAAU , 


H 


if' .0 


R 

I 


I C y n HA 
I R II H 

H O 

AMMO ACID 


I 

H r 

1 

R 


R 
* HOR 


AMINO ACID 


oipePTioe 
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The dipeptide obtained contains a free —NH* group and a free 
—COOH group. Thus it is possible for more amino acids to couple 
to the dipeptide forming a tripeptidc or a tetrapeptide or to continue 
until a large number of amino acids are linked together into a long 
chain. The resulting complex macro molecule is termed a polypep¬ 
tide, a condensation polymer in which the amino acids are the repeat- 
ing units. 

A polypeptide with molecular mass greater than 10,000 amu 
is termed protein by convention. 

Proteins may thus be defined as high molar mans compounds 
consisting largely , or entirely , of amino acid chains. 

Diffeient polypeptides can differ from one another in an 
unlimited fashion. For example, 

(i) Nature of amino acid or acids may be different. 

(w) Number ol amjuu arids present may be diffe Lr *t. 

(m) Even when natJre and number of amino acids are the 
same, they may differ in the specific sequence in which the»e are 
joined. For instance three amino acids (say A, B, G) may be found 
arranged in 3 ! or 1x2x3 —6 different ways indicated by ABC, 
ACB, BCA, BAG, CAB, CBA, in six different polypeptides. Thus 
unlimited number of proteins can be built from a-amino acids. 

4. Primary, Secondary, Tertiary and Quaternary Struc¬ 
tures of Proteins.— 


(o) Primary Structure of Proteins. Thn. primary structure 
of a protein refers to the number and sequence of the amino acids in 
its polypeptide chain(s). By convention, the structure of peptides is 
represented beginning with the amino acid whose amino group is 
free (popularly known as the N-terminal end). Free carboxyl group 
(the so-called C-terminal end) forms the other end of the peptide. 
While naming the peptide, each amino acid present (except the 
C-terminal amino acid) is named as an acyl group (wherein 
suffix ine is replaced byjyl). For example, the dipeptide obtained 
from glycine and alanine is named as glycylalanine (gly-ala). 


H O CH a n 

I It i s 

H— C—C— I OH + H -N-C -C 

11 ^OH 


NH, 

Glycine 


H H 
Alanine 


H O CH, 0 

I II I s° 

H—C—C—N—U—C + H,0 

I I I ^OH 

NH, H H 

Glycylalanine (gly- ala) 

(one peptide bond) 

Similarly, tripeptide obtained from alanine, glycine and serine 
is named, alanylglycylserine (ala*gly-ser, with two peptide bonds). 
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(b) Secondary Structure of Prat ein*. The primary structure 
tells us only about the sequence of imino acids ir the protein 
Chain. It tells us nothing about the sh.ipe or conformation of the 
molecule. Most of the bonds in protein molecules being single bonds, 
these can assume infinite number of shapes due to free rotation 
about single bonds. From a variety of physical measurements, it 
has, however, been found that each protein has only a single three- 
dimensional conformation. The fixed configuration of a polypeptide 
skeleton is referred to as the secondary structure of a protein. It 
tells us ' 

(») about the mannei in which the protein chain is folded and 
bent ; 

(*») about the nature of the bonds which stabilize this struc¬ 
ture. 


The 


Spiral Structure of Proteins. According to Linus 
Pauling and Robert Corey in some proteins polypep¬ 
tide chains are coiled up like a spiral staircase 
to form a helix. This can be visualized as a spring 
coiled about an imaginary cylinder. The spring may be 
right or Irh-handed. It is, however, invariably found to 
be righi-handed. The spiral being right handed is termed 
a-helix. In Lheif helical structure NH group in one unit 
is linked i o the carbonyl oxygen of the third unit by 
hydrogen bonding. This hydrogen bonding between 
different umU is responsible for holding the helix in posi¬ 
tion. On an average there are about four amino acid 
units in each turn (gyre) of the helix 


The side chains of these units project outward 
from the coiled backbone. 

There are proteins like gamma globulin in which 
there is no helical structure. In protein like haemoglobin 
and myoglobin, certain regions of the polypeptide chain 
are helical while remaining portions possess random 
configuration. In proteins like silk fibroin and p-keratin 
the polypeptide chains are aligned side by side m a sheet¬ 
like arrangement. Hydrogen bonds between the adjacent 
chains stabilize them. 



Fig. 501- Wool fibre is very flexible and can be stretched jo 

Spiral twice its normal length without breaking. It re ur 
structure of St norma i length when the tension is released, un 

bond, along turn, of <h. «•» 
whereas the covalent bonds remain intact. On release oi 
tensio n these hydrogen bonds are reformed and the helix is restor 
to its original size. 

In «ilk fibre the polypeptide chains are aligned in 
arrangement and held together very tightly by hydropen bon 8 
Silk lore is, therefore, very strong but resist* stretching. 
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(t) Terttarv it ru cw f of protein*. We have «© far pictured a 
protein as an a-helical structure drawing its strength from Intrapoly- 
peptide hydrogen bonding. In an aqueous solution water can 
successfully compete for these hydrogen bonding sites on the a-helical 
backbone. With the rupture or internal bonds, protein should 
assume a random configuration followed by disruption. Experi¬ 
mental evidence, however, has shown that protein retains its helical 
structure even in aqueous solution. From this we conclude that 
there are certain other forces involved which keep the long spiral 
chains tightly compressed into a definite geometrical structure 
characteristic of the protein, 

' This characteristic three-dimensional shape resulting from the 
precise folding and bending of the helical coil , is termed as the tertiary 
structure of the protein. 

Various linkages responsible for the tertiary structure are 
given below. These depend on ‘lie nature of the amino acid side 
chains in the molecule. 

(a) Salt linkages or ionic bonds between positively and nega* 
lively charged groups present on the side chains, e.g., between 

/°- 

—C 'O and H,N— 

(b) Hydrogen bonding 

(c) Disulphide linkage, e.g., in — CH, —S—S— CH,— 

(d) Hydrophobic interactions. Non-covalent hydrophobic fordm 
are important not because they are very strong but because there 
are so many of them. 

(<Q Qpatern iry structure of protein*. Some proteins have 
been found to be merely aggregates of polypeptide sub-units. 

The manner in which various separate polypeptide chains Jit 
together in these proteins containing mor'e than one chain is termed as 
the quaternary structure of the protein. 

5. Classification of Proteins according to Composition.— 

Based on the molecular structure and functions they perform, 
proteins are of the following two types : 

(•) Fibrous Proteins. Their long and threadlike molecules be 
aide by side forming fibres. In some cases the molecules are held 
together by hydrogen bonds. On account of the strong intenno- 
lecular forces, these are insoluble in water. On account of their 
insolubility and fibre-forming tendency these are suitable as chief 
Structural materials of animal tissues. Some examples of fibrous 
proteins are: 

(0 Keratin in hair, nails, skin, wool, horns and feathers. 

(it) Collagen in tendons. {Hi) Myosin in muscle. 

(if) Fibroin in silk. 
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(6) Globular Protein*. Molecules of globular proteins arc 
folded forming compact units of nearly spheroidal shapes. Areas 
of contact between these units are small and hydrogen bonds are 
only internal. Inter-molecular forces in these are, therefore, com¬ 
paratively weak and these are soluble in water or aqueous solutions 
of acids, bases and salts. Some examples of globular proteins are : 

(») All enzymes and many hormones, e.g,, insulin and 
thyi^globin. 

(is) Albumin in eggs. 

(ist) Haemoglobin and fibrinogen in bluod. Clotting of blood 
is due to conversion of fibrinogen into insoluble fibrous protein 
fibrin* 

Various classes of proteins based on their physical 
properties, especially solubility, are : 

(a) Simple proteins which give only amino acids on hydrolysis. 

(&) Conjugated proteins which contain a non-protein part. The 
non-protein group is called prosthetic group , 

(c) Derived proteins . These are degradation products obtained 
by hydrolysis of proteins with acids, alkalis or enzymes. 

These are further subdivided as given in the tables below : 

Table 50 4— Simple Proteins 

CKa&~ Characteristics Examples with Soared 


(/) Albumins 


Soluble in water, acids 
and alkalis ; Coagulated by 
heat; Precipitated on satu¬ 
rating with (NHi)|SO«. 


Serum albumin (in blood) 
Egg albumin {in eggs) 
Lactalbumin {in milk) 


{if) Globulins Insoluble in water; solu¬ 

ble in salt solution, aods and 
alkalis ; precipitated on half 
saturating with (NHt)iSO ft ; 
coagulated by heat. 


{Uf) Prolamines 


(fr) Glutclins 


<r) Histones 


Insoluble in water and 
salt solutions ; soluble in dil. 
adds or alkalis and In 70- 
93 alcohol. 

InsoL in water and salt 
soln.; soL in dil. acid and 
alkalis ; coagulated by heat 
Strongly basic ; sol. in 
water or dil add ; tnaol in 
alkalis; not coagulated by 


(W) Protamines More basic; sol in water, 

dil. acids and ammonia; not 
coagulated by heat ; predpi- 
tated from solution by alco¬ 
hol 

(rtf) Selenoproteins Insol in water or salt 
(albuminoids) solution : scl in strong acids 
and alkalis; not attacked by 
enzymes. 


Serum globulin 
(in blood serum) 
Tissue globulin 
{in tissues) 
Vegetable globulin 
{in seeds and nuts) 
Zcin (in maizt) 

Gliadin (in wheat) 

Hordern ((it barley) 

Glutenin ((a wheat) 

Oryzenin (to rice) 

In haemoglobin and 
nucieoproteina. 


In nudeoprotcJns 


Keratin 

(to hair or hoofs) 
Fibroin (to silk) 
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Table 5d‘5—Conjugated Protein 


Claso 

Prorth^^pg^ggBQt tel 

Examples with Somes 

if) Nucleoprotcins 

(Nucleic add) 

They are weakly acidic ; 
soluble in water ; salt solu¬ 
tion and alkalis. 

In nucleus of cell. 

(If) Glycoproteins 

(Carbohydrate or its 
derivative) 

They are acidic in nature 
and soluble in alkalis. 

In egg white and jolly 

fish. 

(Hi) Phosphoproteins 

1 (Phosphoric acid) 

i They are insol. in water ; 

| sol. in alkalis ; precipitated 
by acids from alkaline soln. 

Casein {In milk} 

Viteline (In egg yolk} 

(fr) Chromoproteins 

■ 

j 

1 (Pyrrole derivatives) 

| Coloured bodies which 

usually contain metals like 
Fc, Cu, Mg, Co, etc. 

Haemoglobin 

(in blood) 
Chlorophyll (in plants) 
In pigmented animal 
fibres. 

(black wool and hair) 


Table 50*b—Derived Proteins 

(Produced when natural proteins are subjected to the action of enzymes and 
other hydrolytic agents) 


Clan 

Characteristics 

Produced by 

1. Denatured or coa¬ 
gulated proteins. 

Insoluble in water. 

Action of heat. 

2. Primary proteoses. 
(meta proteins) 

Insoluble in water or dVL 
salt solutions ; soluble in adds 
and alkalis. 

Hydrolysis by alkalis 
or prolonged treatment 
with adds. 

3. Secondary proteo- 

Soluble in water ; not 
coagulated by heat. 

Graded hydrolysis 

with HQ or H.SO«. 

4. Peptones. 

Soluble in water ; not 
coagulated by heat ; give 
biuret test. 

n 

5. Peptides. 

Soluble in water ; not 
coagulated by heat ; give 
no biuret test. 

M 


6. Classification of Proteins according to Functions.— 
Based upon functions, various classes of proteins are : 


(1) Structural Proteins, like collagen found in skin, carti¬ 
lage and bone. 

(2) Contractile Proteins, t,g,, myosin and aetin isolated 
from skeletal muscle. 









3*134 organic chemistry 

(3) Kaiyati. These are widely distributed protein catalysts 
vitally important to all living systems. 

(4) Hormone* Most hormones, e.g., insulin are proteins. 

(5) Antibodies. When foreign materials (antigens) are releas¬ 
ed into the body as a result of infection, the body itself produces 
certain antibodies to destroy the antigens. Gamma globulins are 
maniples of antibodies 

(6) Blood proteins. Three major protein constituents of 
blood are fibrinogen, albumins and globulins. 

7. Isolation of Proteins.—Synthesis of proteins has not been 
found possible, they are always isolated from natural sources. Animal 
tifies or plant seeds are treated with a suitable solvent which 
dissolves the protein. Common solvents used for the purpose are 
water, 10% NaCl solution, 1% Na,CO t solution, 0*1% NaOH 
solution, etc. From solution thus obtained, protein is precipitated 
with some suitable reagent, e.g., alcohol, (NHj^O* or MgSO,. In 
case more than one proteins are present, die individual proteins are 
separated by fractional precipitation using different concentrations of 
salt solutions. 

Sw General and Physical Characteristics of Proteins.— 

Proteins belonging to different Classes possess different physical pro* 
parties. Their physical characteristics in general can, however, be 
summarised as follows : 

(«) Most of them are colourless (except chromoproteins), odour¬ 
less and tasteless amorphous solids having no definite melting and 
boiling points. Some of them are crystalline in the pure form. 

(»V) Barring a few exceptions (<e.g., insulin, egg albumin, etc.) 
proteins are hydrophilic colloids and cannot, therefore, diffuse 
through a semi-permeable membrane. Proteins are generally freed 
from salts by dialysis. Some of these (fijg., gelatin and egg albumin) 
give thick sols with water and form gels on cooling. 

(m) Most of them are insoluble in water, alcohol and ether. But 
many of them dissolve in salt solutions, dilute acids and alka li s. A 
few of them (ap., those constituting skin, hair, etc.) are completely 
insoluble. 

(»*) Ti .eir molecular weights are very high although these are 
not accurately known yet 

(v) They are optically active (laevo-rotatory), their activity 
arising bom the feet that these are complex substances built up of 
amino acids. 

(ri) Coagulation. Proton molecules are unstable structures 
which are readily altered by outside influences. On heating or on 
treatment with mineral adds the colloidal proteins are precipitated. 
The fchange is irreversible and is called coa g ula ti on. 

Coagulation involves toss of many original physical properties, 
oj§., solubility, physiological action, etc.) is referred to as dena- 
For example, egg albumin is coagulated or de natur ed on 
lifting. Denaturing may also occur when protein r ema i n s in 
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contact with water or alcohol for a long time or on adding heavy 
metal salts {ejg., CuS0 4 , HgCl* etc.). 

(n») Salting out. Proteins are precipitated from their colloidal 
solutions by saturating their solutions with readily soluble salts like 
MgSOt and (NH i ) 1 S0 4 . Precipitation also occurs on adding water 
soluble organic liquids like alcohol and acetone. The change is 
reversible and the precipitate obtained can be borught back intot he 
colloidal form by the addition of original solvent in excess. Such 
precipitation is termed salting out and must not be conftoed with 
coagulation which is an irreversible change. 

9. Chemical Properties.— Proteins are built of oc-amino 
acid molecules joined through peptide bonds as shown before. Thus 
proteins have free amino and carboxyl groups and give reactions of 
both like amino acids. Their important reactions arc given below ; 

(1) Formation of ealte. Due to the presence of basic —NH, 
group and acidic —GOOH giaup, a protein gives salts with both 
acids and bases. Casein is present n milk as calcium salt. 

(1?) Hydrolyaia. Proteins are hydrolysed when treated with 
acids, alkalis or enzymes. Hydrolysis occurs in steps and the ulti¬ 
mate products of hydrolysis are amino acids. Various steps involved 
are : 

Protein -► Primary proteoses-►Secondary proteoses 

(Celaproteins) | 

Amino acids «- Peptides < -Peptones 

(3) Oxidation. Proteins get oxidised on burning or putrefac¬ 
tion. Various products of oxidation depending on conditions are 
nitrogen, amines, carbon dioxide and water. Fold smell from decay 
mg dead body is due to amines produced as a result of bacterial 
oxidation or body proteins. 

10. Teats of Proteins.—Proteins give a number of colour 
reactions. Specific colours obtained with certain reagents are used 
for identification of amines. Most of these colour tests depend upon 
reactions due to groups contained in one or more of the constituent 
amino acids. Thus a positive result in any one test may be given 
even by some non-protein substance. On the other hand, n true 
protein may not respond to a certain Uat if it happens to be deficient 
in that particular ammo acid which gives that colour test. Thus, 
the presence or absence of protrin can be shown conclusively only 
by using several of these tests. Various tests employed for detection 
of proteins are : 

(i) Biuret test. Given substance is dissolved or suspended in 
Strong caustic soda solution. A few drops of dilute copper sulphate 
Solution are added to the above solution when a bluish violet, violet 
Or pink colour is obtained if protrm is present. 

This test is due to the presence of —NH—CO— group as in 
biuret (see under Urea). 

(ii) Xanthoproteic teeU Gitrn substance is wanned with nitric 
A yellow colour, if produced, indicates the presence of a 
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protein. Yellow stain on fingers while working with nitric acid is 
due to this reaction. 

(iii) MiUon'e test. Miilon'i reagent is prepared by dissolving 
mercurous and mercuric nitrates in nitric acid. On adding this 
reagent to a solution or protein, a white precipitate is obtained which 
turns brick-red on boiling. This test is characteristic of—OH group 
present in the protein molecule. 

(ie) Mclisch test. An alcoholic solution of 1-naphthol is added 
to the protein solution taken in a test-tube. Concentrated sulphuric 
acid is then poured slowly along the sides of the test-tube. A violet 
colour is obtained at the junction of the two liquids. This test is 
given only by those proteins which contain a carbohydrate. 


(v) Hopkins Cole test. Protein solution is mixed with a little 



(tri) Lead sulphide test . The given protein solution is boiled with 
caustic soda and lead acetate. A black precipitate is obtained. This 
test is characteristic of —S—S— or —SH groups. 


(trii) Ninhydrin test Proteins, having free —COOH and —NH* 
groups, give an intense blue colpur with ninhydrin. This is an extre¬ 
mely delicate test. 

(viU) Coagulation test. The protein solution is acidified with 
acetic acid and heated. Coagulation indicates the presence of albu* 
min, a simple protein. 

11. Use* of Protdns. 

(0 As Food. The outstanding use of proteins is as food for 
man and beasts. Meat, eggs, fish and cheese production are some 
of the major industries based on the need for proteins in human food. 

(u) In Textiles. The textile fibres, wool and silk are both pro¬ 
teins. Artificial textile fibres have been manufactured from proteins, 
a vicara is produced from zein of com. 

(til) In controlling body process. Haemoglobin present in blood 
is responsible for carrying oxygen and carbon dioxide. Hormones 
are secreted by certain "lands and control various body processes. 
Haemoglobin and hormone > are proteins. 

(iv) As enzymes. Enzymes which are responsible for various 
fermentations are all proteins. 

(r) As anti-virus vaccines. Viruses which cause diseases like 
rabies, smallpox, influenza, etc., are proteins. Thus proteins if dena¬ 
tured and introduced in the body give immunity from the disease to 
be caused by the original virus. 

(vi) In industry. Leather is manufactured by tanning the pro¬ 
teins of animal hides. Gelatin is used in food products, photographic 
films. Glue is used as an adhesive and in sizing paper. Casein is 
manufactured from milk and used in the manufacture of leather, 
paper, textiles, cold-water paints and adhesives. 

(#M) In the manufacture of Amino adds. Amino acids needed 
for medicinal use and reeding experiments are prepared by hydrolysis 
ofplOtCflUt 
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12. Etftimation of free Amino and Carboxyl poops.— 

Amino acids are present in aqueous solu ion mainly as zwitter ions 
which have a buffering effect. Amino acids cannot, therefore, be 
titrated with a standard alkali directly. Special methods given 
below are used for the estimation of amino and carboxyl groups by 
suppressing the formation of zwitterion. 

(a) Estimation of Amino group. Amino group in amino 
acid can be estimated by its titration in glacial acetic add (as 
solvent) against acetous perchloric acid) (HC10 4 in glacial acetic 
acid). The presence of glacial acetic acid (solvent) enhances the 
basic properties of the free amino group, and its titration with 
acetous perchloric acid becomes possible. 

H.NCHR—COOH =£ H„NGHRCOO 


HjNCHRCOOH + HCIO, —► [H,NCHRCOOH] + + CIO. 

Wei^h out accurately about 3 rniib-equivalents of the amino 
acid in a 250 cm* conical and add 50 cm 8 of O’l N acetous 
perchloric acid. Shake it vigorously till the ammo add is dissolved. 
Excess of the acid left unused is back titrated with 0*1 N-sodium 
acetate in acetic acid in the presence of 2 5 drops of crystal violet or 
methyl violet (indicator)* First appearance of a violet tinge is the 
end point 

CH.COOH 

HCIO, + CHjCOONa —-► NaClD 4 + CH 3 COOH 

Perform a blank experiment by treating 50*0 cm* of the O’IN 
perchloric add with sodium acetate solution. 


Calculate the percentage of amino group (Eqwt~14) 
in the given amino acid from the formula : 


% Amino group 


0V- F f ) x mx 14x100 
W'xlOOO 


where F^volume (cm*) of the sodium acetate solution used for 
blank ; 


Fj 538 volume (cm 1 ) of the sodium acetare solution used for 
sample ; « 


JVi«eNormality of sodium acetate solution* 

W jweight (#) of the sample; 

(b) Estimation of Carboxyl group by Formal titration. 

An aqueous solution of the amino acid is treated with an excess 
of carefully neutralised solution of formaldehyde when the amino 
group condenses with formaldehyde forming a stable anion. The 
carboxyl group can then be treated with a strong alkali solution. 
Reaction probably proceeds in two steps given below : 

(i) Neutralisation of the zwitterion by base. 

OH - + H f NCHRCOO ** H,NCHRCOO + H f O 
base zwitterion anion 
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(ii) Neutralization is followed by or accompanied by condeu* 
sation of anion with formaldehyde. 


HCH^O + H a NCHRCOO CH,~NCHRCOO 

~ liable anion 


+h 8 o 


Condensation results in blocking the amino group and leaves 
the — COOH group free to react with a strong base 


About 30 milli-equivalents of the given amino acid are 
wxu. aixly weighed and taken into a 250 cm* measuring flask. It 
is dissolved in boiled-out distilled water and volume made up to the 
mark. It is shaken vigorously to make a homogeneous solution. 

Neutralise 50 ml of formalin in a conical flask by titrating 
with O'IN-NaOH in the pi usance of thymolphinalein indicator 
till the solution has a greenish colour. 

Take 25 Cm* of the amino acid solution prepared above in a 
conical flask and add 10 cm* of the neutral formaldehyde. Titrate 
it with 0*1N -Ba(OH)a solution till the colour changes blue. 


Calculate the percentage of the carboxyl group (—COOH, 
Eq wt«45) in the amino acid from the following forniuLa : 

/o of ~GUUH= 10(K) 


where F=vol of Ba(OH)* solution (cm*) 


N *■ normality of Ba(OH)* solution 
IP**YVt (g) of amino acid sample taken. 
QUESTIONS 

Essay Type: 

1. What are proteins 7 How are they classified ? Distinguish between 
fibrous and globular proteins as to structure and physical characteristics. 

{Andhra BJSt 1974 ) 

2. in) What do you know about the composition and structure of proteins? 
What the <\rder of their molecular weights 7 

(£} Give the colour reaction* of proteins. (Mysore BSe, 1972 ) 

3. Write an account of the general properties and uses of proteins. 

4. What speu he tests are employed for detecting proteins? 

5. Give an account of the classification of proteins and describe the 
important methods for the Fynthcsis of e-amino acids. 

6. Give an account of the si * uoture and configuration of proteins. 

7. Wliaiaie the prosthetic groups? How are proteins classified on the 

basis of pro* hetic groups 7 (Delhi BJSe . How . 1976) 

8. Giv e the »-Ulix siruclitre of a protein molecule. What are the 
binding forces which help in the fo: matioa of coils of proteins ? 

* iDeiMB.SeMm.197B) 

9. T! c folded and coiled umre-acid chain in proteins is stabler than 

an open and linear chain. Explain why. (Delhi BSc. Bow , 1977) 

Short Answer Type: 

1. What ait protein* T 

2. What are various functions of proteins ! 

1 Arrange the following in the decreasing order of their ptroteto 
content: Potatoes, checee .banana, meat, egg yolk. 
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4. What mo essential amino Kids T 

5. Whet is peptide linkage ? What are dipeptides and tripeptides ? 
i. What am proteins used a catalysts called ? 

7. What ate products of hydrolysis of proteins ? 

6. What are products obtained on oxidation of proteins? 

9. Name two textile fibres which are proteins. 

Ifi. Discuss the use of proteins in controlling body processes. 

11. What is the difference between a polypeptide and a protein ? 

12. Wbat are conjugated proteins ? How ate they classified ? 

(Delhi BJSe. Horn. 19/6) 

13. How may different polypeptides differ from one another T Wbat do 
poo know about the spiral structure of proteins 1 

14. Write a note on uses of proteins ? 

15. What are the building blocks of proteins 1 What are fibrous proteins ? 
Owe two-characteristics of these. 

r 

16. What are globular proteins ? Give tiro characteristics of these. 

17. What is denaturetion of protein ? 

Ifi. What are the functions of proteins in the body ? 

19. Give the names of four conjugated proteins and indicate the nature 
of their prosthetic groups. To what general das* of conjugated proteins: does 
soch belong ? 

21. Let the letters A, B, C, and D represent four different amino adds. 
Construct all the possible tetiiq>q>tides using etch letter only once. 

21. Write the formula if a fi-amino add and write its IUPAC name. 

22. What foment by the primary, secondary .{tertiary and quaternary 
auwiMM of proteins ? 

23. Briefly describe on the molecular level what occurs during each of 
the following: 

(«) boiling an egg (6) sterilization of surgical instruments. 

(e) Use of dilute silver nitrate solution as disinfectant in the eyes of 
newborn infanta. 

24. Glycine and alanine on condensation yield a mixture of four dipep- 

Bxpiaia. (Delhi BJSe. HomiTwfS) 

28. How do you estimate free amino and carboxyl group* In an amino 

odd? 


TQC-HM**3-9 
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The Ureides 


1. What arc Ureides ?—Acyl derivatives of urea are called 
ureides and may be called Acylureae. For example! urea reacts 
with acetyl chloride or acetic anhydride to give acetyl derivative of 
urea (acetylurea)—the urcide of acetic acid. 

NHLCO.NH. +CH l COCl-*CH J CO.NHCONH l +HCI 

Acetyl urem 

These are compounds formed by condensation of urea with 
adds and contain the amide type (CO-NH) o( linking. 

2. Classification. —Ureides have been classified in two 
different ways : 


(a) According to the number of tins residues present. Those 
containing one urea residue are termed monoureides and others 
containing two urea residues are termed diureides. For example, 
acetylurea is a monoureide while uric add is a diurdde. 



uriesdd 

(6) According to Structure. Based on the structure, the urcide 
Is dassified as (») acyclic or open chain urcide if it has an open chain 
structure and as («) cyclic urcide if its molecule has a dosed chain 
structure. For example, acetylurea given above is an acyclic or open 
chain ureide. Oxalylurea or parabanic acid and malonytorea or 
barbituric add are two examples of cydic ureides 


CO—NH 

' Ac 

CO— NH 
oxalyltirca or 
parabanic acid 

3. Preparation of 

Ami of ureides am: 


CO— NH 
CH, CO 
io-NH 

roaJonylurea or 

barbituric acid 




Ureide*.—General methods for prepara- 
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J f) Mono-vnides art obtain by the action of an add chloride, 
I anhydriM or an ester on w&din an inert medium or pyridine. 
CH l COCl+H,N.CO.NH» r -> CH,CONH.CONH,+HC1 

Aceiylurea 

Only one acyl group can be produced into the urea molecolo 
by uus method. 

(*’•) Diacylureas can be prepared by the action of COCl, on add 
amides: 

__ Toluene , NH.COCH, 

COC1, -|-2NH l .CO.CH l -► 0= i( 

x NH.COCH, 

Diacetylurea 

(m) By condensation of Dibasic acids with urea in presence of 
POGl, at 390 to 41 OK. Two kinds of derivatives are obtained. When 
only one COOH group is involved in the condensation, unido adds 
are formed whereas cyclic urcides are obtained when both 
carboxyl groups take part in condensation. 

COOH H,N V CO—NH—CO CO—NH, 


1 

COOH 


H,N 


/ CO — 


COOH 
ureido acid 


NH, 


CO—NH^ 00 
Par&b&nic add 
or oxalylurea 

Cyclic urcides can also be obtained by refluxing a diester with 
urea in alcoholic solution in the presence of sodium ethoxide. For 
example, malonic ester gives malonylurea (barbituric acid). 


+ 2EtOH 


Barbituric acid 
2,4,6-Trihydtoaypyrimidine 

. (Crystalline solid—m.p. 5J8K) 

Compensation with hydroxy acids containing one OH and one COOH 
group is similar. 

CH,OH H,N V CH,.NH v CH,.NH. 

I + y CO— *♦ I \CO-► | \QO 

COOH H.N' COOH t CO.NII ' 

flyeollic hydantoic acid NH, hydamoin 

(ureido acid) (ureide) 

(ie) By condensation of urea with P-ketonic acids (or etiers) an d 
fraldehydie adds. Cyclic ureide* so obtained are called uracils. 





roa, 



NH—CO 
i t 
CO 


1 


m XH- 


z 


CM, </V 

H 


CH 
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4. General Chemical Behaviour of Ureidoa —Uitidei 
being acyl derivatives of urea, these contain two types of linking : 

(a) —— CO— NH—CO, the imide linking, and 

(b) the NH- Cp— NH—linking. 

OJ Characteristic properties of the —CO—NH—CO— (imide) 
Unkings are: 

(1) The H atom of the NH it reactive and may be replaced by 
metallic atoms and subsequently by alkyl groups. Ureides are, there¬ 
fore, soluble in alkalis. 

(it) On treatment with PCl f or PClt* it yields the correspond* 

ing chloro derivative, —N=C—Cl 

(2) Ureides on hydiolysis yield urea and the parent organic 
add (a characteristic property of the NH—CO—NH grouping). 

(3) Malonylurea contains the linking —CO—CH f —CO— 
containing a reactive methylene group. The H atoms of the CH t 
group can be replaced by R, Br v NO ana NO § groups. 

As five and six member rings are stable, cyclic ureides, so far 
known, are almost limited to those derived from oxalic acid and 
malcxnic acid and their derivatives. 

Ureides of monocarboxylic acid like acetic acid are simple 
ureides. These are useful drugs particularly when the acid radical 
has a banched chain, e.g., bromuraJ. 

(CH 1 ),CH.CHBr.C!O.NH.CONH 1 
bromund (a-bmnowsovalciylurea) 

Many of the cyclic ureides are excellent drugs. For example, 
barbituric acid and its derivatives given below are used in medicine 
as hypnotics and sedatives. 



5 : 5-diethyl barbituric 5-phenyb5-ethylbarbiturk 

add, barhatonc acid, phenobarMtone 

or veronal (m.p/464K) or luminal. 

Verona] is prepared like barbituric acid by condensation of 
dicthylmalonic ester with urea in alcoholic solution in the presence 
of sodium ethoxide. 

5. Pyrimidine.—Cyclic ureides containing six-member ring 
behave, in a number of ways, as pyrimidine derivatives. Pyrimidine 
was first prepared from barbituric acid (malonylurea) as follows : 
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Different atoms of the pyrimidine ring were formerly numbered 
as given in formula A below. According to the 1UPAG system, 
these are now-adayg being numbered as shown in the formula B« 

:0 '.Q>'0' 

A B 

It can also be prepared by oxidation of alkylpyrimidincs 
followed by decarboxylation. A recent method for the preparation 
of pyrimidine is the catalytic reductive dechlorination of 2^ 6-di- 
chforopyrimidine by heating with hydrogen under pressure in the 
presence of Pd—C and MfO. 



Pyrimidine is probably a resonance hybrid of the following 
resonating structures : 



Relationship between pyrimidine and ureides will be seen from 
the formulae of uracil (2, 4-dihydroxypyrimidirie) and cytosine 
(4-aminouracil or 4-amino-2-hydroxypyrimidine). 

o & & 

H H 

Pyrimidine Uracil • Cytosine 

6. The Purine*. —Compounds derived from two molecules of 
ureajmd one molecule of dibasic acid are called cyclic diureide*. 
Purine is the parent substance of a group of cyclic diureides. It 
In two tautomeric forms given below : 

’N-*CH 


N-CH 
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7. Uric acid, 2, 6, 8-Trihydroxypnrine, C 6 HjO,N 4 .—It 

occurs in the urine of carnivorous animals. Human urine contains 
nearly 0‘5% of acid ammonium urate. Normally only traces of It 
are present in the blood but in gouty persons the amount is consider¬ 
ably large. The excess of uric acid deposits in the joints causing 

S out or in the tissues causing rheumatism. Accumulation of the add 
i the bladder of the kidneys results in the formation of stones. 
Excreta of birds and reptiles are rich in uric acid. Guano (excreta 
of certain sea birds or snakes) is a rich source of uric acid. 

Preparation. (1) From Quarto . Guano is powdered and boiled 
with caustic soda solution till no mure ammonia is liberated. The 
hot solution contains sodium urate. It is filtered and poured in 
hydrochloric acid and allowed to stand when uric acid crystals 
separate. These arc filtered and dried in air. 

(2) From Urine. Urine is concentrated and treated with 
hydrochloric mid. Crystals of uric acid separate on standing. 

Properties. It is white crystalline powder having no taste 
or smell. Jt is very spaungjy soluble in water and insoluble in 
alcohol or ether. It decomposes when heated above 670K forming 
ammonia, urea, cvanuric acid, etc. 

Uric acid behaves as a weak dibasic acid due to enolisation. 
With sodium carbonate, it gives an acid salt while with sodium 
hydroxide, a norma! salt is produced. The acid salts are sparingly 
soluble in water while normal salts are moderately soluble in water. 
Lithium salts are freely soluble and this is the reason why lithia 
water is used as a remedy for gout. 

Constitution. (1) Molecular formula of uric acid as deduced 
from its analytical data and molecular weight determination] ii 
C B H 4 N 4 O a . 


(2) Presence of Alloxan and Urea units in Uric acid. On 

oxidation with nitric acid uric acid gives alloxan and urea. 

HNO, 

C 5 H 4 N/^fH.OfO-C^OiN, 4- H,N CO.MH* 

Uric acid Alloxan Urea 


Structure of Alloxan. When hydrolysed with alkali, alloxan 
gives one molecule of urea and one molecule of mesoxalic acid. 


KOH 

CjH.O.N.+ZfhO — -> 
Alloxan 


NH, ro.Nfi, +o-c 


/ 


COO H 


\C00H 


Mcsoxalic aci.l 

Since alloxan contains no free amino or carbovsl groups, the 
products of hydrolysis suggest it to be mesoxalylurea. This cyclic 
structure is confirmed by its preparation by direct union of urea and 
tnesoxalic at id. 
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(3) PrtMBte of Allantoid unit in Uric acid. When uric 
acid is oxidised with aqueous suspension of lead dioxide or with 
alkaline permanganate, the products are allantoin and carbon dioxide. 

C,H 4 0,N 4 +H 1 0+[0]-► C.H.O.N.+CO, 

Allantoin 

Structure of Allantoin 

(i) Allan £ in on hydrolysis with alkali gives two molecules of 
Urea a n 6 one molecule of glyoxylic acid. 

C JH t 0,N 4 +2H 1 0-► 2NH l .CO.NH a -f CHO.COOH 

allantoin urea glyoxylic acid 

This suggests that the allantoin is the diuieide of glyoxylic acid, 
(it) Allantoin yields urea and parabanic acid in equimolecular 
proportions when oxidised w ith nitric acid. 

UNO. 

C 4 H 6 0 3 N 4 + [0]-► NH*.CO.NH 11 + C 8 H {B 0 > N i 

Allantoin Urea Parabanic acid 

Parabanic acid on hydrolysis gives uiea and oxalic acid which 
suggests it to be oxalylurca. 


,NH-CO / NH » HOOC 

OCT | -f 2H.O-► CO + i 

^NH—CO \ HOOC 

Parabanic acid 
(oxalylurca) 


|m) From this we infer that allantoin contains the parabanic acid 
nucleus joined to a molecule of urea. The point of attachment is 
deduced .from the following experimental evidence : 

(a) Allantoin on reduction with corn. HI at 370K forms urea 
and hydantoin. 

HI 


CtHaOaNi-t 2[H|-► NH l .GO.NH 1 + C 3 H 4 O s N t 

Allantoin Hydantoin 

(b) Controlled hydrolysis of hydantoin yields hydantoic acid 
(ureiuo acetic acid) which on further hydrolysis gives glycine, 
ammonia and carbon dioxide. These produc ts of hydrolysis suggest 


hydantoin to be glycollylurca. 

CH*—NH. H.O CH, NH CONII, 

I >CO -^ I 

CO -NH / COOH 


HjO CH.NH. 

-| fCO.+NH, 

COOH 


Hydantoin Hydantoic acid Glycine 

(iv) The following structure for allantoin would account for 
all or :fjf thrg ung results : 


m a 

i co 

CO + I 
I CO 

m 2 


HNO, 


> 


co¬ 


rn' 

PARABANIC ACID 


NH 2 

I 

CO CO —Ntfv 

I I ' >CD 

NH -CH—JftK 

ALLANTOIN 


HI 


COOH • NW- - 

co + \ •+ ->co 

NH CH ° 

" n 2 GLYOXYLIC 

AMf\ 


NH Z ' 


NH 2 CO — HHs. 

i i 1 yco 

co + ch 2 —m' 

I hydantoin 


XTU 
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(v) This is confirmed by its'synthesis by heating uraa with 
glyoxylic acid at 370K. 





(vi) Allantoin contains a chiral carbon atom. Hence 
two optically active forms of allantoin should exist. These have 
actually been obtained. The two forms racemise rapidly in solution 
and racemisation occurs probably via rnolisation. 


JVH* 

CO CO JVWx 

JSTH— CH— NiP * 0 



(4) Structure of Uric acid deduced from Structures of 

AUmatoin and Alloxan. In the formation of allantoin from uric 
acid by oxidation, the latter loses one carbon atom as CO,. The 
problem is, therefore, to fit in one carbon atom into the allantoin 
structure bearing in mind that the assigned structure includes the 
alloxan skeleton also—to account for the formation of alloxan on 
oxidation. 

Two structures were proposed for uric acid, one] by Medicua 
in 1875 and the other by Fittig in 1878. 


O 



Medicus formula Filtig’s formula 


(5) Acceptance of Medicus formula. Fischer (1884) pre¬ 
pared two monomethyluric acids ; one gave on oxidation with 
nitric acid mrthylalloxan and urea whereas the other one gave 
alloxan and mrthylurea. . 

Fittig’s formula, being symmetrical, can give only one mono- 
cnethyluric acid and is, therefore, untenable. 

Medicus formula can give rise to two monomethyl derivatives* 
One of these has the methyl group in the pyrimidine ring (at position 
l or 3) to give methylalloxan and urea on oxidation. The other one 
has the methyl group in the imidazole ring (at position 7 or 9) to 
give alloxan and mrthvlurea on oxidation. Fischer showed these to 
be 3- and 9-derivatives. 

(6) Further Confirmation of Medicus Formula. Mcdirus 
formula can give four immomethyl derivatives six dimethyl deriva¬ 
tives and four trimethyl derivatives. All of these have been prepared, 

thus vivmtr a ruiu^rful * L; - 4 '-‘ -*■ 1 
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This formula has been finally confirmed by synthesis of unc 
acid by Traube in 1900, as shown below : 

O 

/KH* EitOK. J> r * 

\ X 0^ ATfe 

^kh 2 nc 

ETHYL CYAHO- CYANOACETYLLfREA 

acetate 



Jn^hccold 01 ^' 0 " and dccoIorisrs *° id <" aUtalinc" KMiIcf,’ £t,on 

sESE. ^ r: 

« present SStSi nf;^St X ^d^^ST‘7 Xant r ^ 
-...-- ,aci and uunr. Meal and Jproutmg 

Nflft!. r!rinilancs<.n>, „C *>kv 


Nole. Condensation of — CNenmn «,,ih kiu , 

closure wan be visualised in ihe folio* s ^ JVl , ~ NH * grou P resulting jo ring 

HoO ? OH 

(») -CBN --► -C-NH. ^ -i-NH 

(W —NjH”+“HOi—C»NIH ~ J; '° .. _ .... 


~N|H~+ HOj-C«NH 


—N-C-HN 
H I 




THE UREIDE8 S'149 

seedlings also contain xanthine. It may be nrrnamd by reduction 
of uric acid with sodium amalgam. 

It is an amorphous powder, very slightly soluble in water but 
readily dissolves in alkalis. Just like uric acid it yields alloxan and 
urea on oxidation. It forms salts both with acids as well as bases. 

9. Caffeine, 1, 3, ^-trimothylxanthine, C»H 10 O|N A .~ Caffeine 
occurs in coffee beans, tea leaves, kola nuts and some other plants. 

Preparation $ (») From Tea leave*. Caffeine is manufactured 
from damaged tea leaves. Tea leaves are boiled with water and 
filtered. The filtrate contains caffeine, proteins and tannins. It is 
treated with basic lead acetate to precipitate proteins and ta nn i n s. 
The precipitates ai e removed and the filtrate is treated with dilute 
sulphuric acid to remove excess of lead as insoluble lead sulptote. 
The precipitate is filtered off and the filtrate decolorised with a nim al 
charcoal and caffeine extracted from it with chloroform. The chloro¬ 
form is distilled off and the residue rccrystallized from water. 

(is) Synlhcsw from Vrie Acid. Caffeine is also manufactured 
from uric acid which is quite cheap. Uric acid is treated with excess 
of methyl iodide in alkaline solution when it gives trimcthyluric 
acid. This is heated with phosphoryl chloride to get chlorocaffcine 
which on reduction with hydriodic acid yields caffeine. 




It 3, 7-Trimethyluric acid 


0 


POCl^ 
too* * 


™i*’ 




Jl 

V >/ 


r 


CH, 

V 


HI CJifN 

1 


A 


CH, 

Jr 


0 




Ltt j 


K' 

Itij 




Chloro caffeine Caffeine 

, . , rropertieg. It crystallizes giving- colourless silky needle* 
(with a molccme of water) which melt at 507K. It is bSy sofubfr 
in chloroform and alcohol but sparingly soluble in wjt«L u e 
hating, i, mblbae, and ha, abiSLS l' . a^Sib^'iS 

“I 1 ' " ,,h s, ™"« >" ids ' Caflcinamd iu lalo jStaiES 
the heart and nerves. It is also an important diuretic r ir. n . • 

“S. c “ id 

about 10,000 kg of caffeine every year from damaged tea leave. 

a«fiSS5^ ( 2oue^^“ f “ ato “ d “ d ‘ , " d 
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(2) Its relationship with uric acid is shown by the fact that on 
oxidation with KCJOj in HCJ, caffeine gives dimethylalloxan and 
Bscthylurea in cquimolecular proportions. 

Structure of dimethylalloxan is established by its hydrolysis to 
sgm-dimethylurea and mesoxalic acid. It is further confirmed by 
its synthesis from these compounds. 



DimethylailoxiD jym-dimethylurea mesoxalic acid 


CH t -u; 




(3) These results indicate that caffeine and uric acid have 
similar structure. At the same time the positions of two methyl 
groups and one oxygen atom in caffeine are also established. 

(4) Thus the problem now is to ascertain the position of remain* 
lug CH a group and oxygen atom. 

The skeleton structure of caffeine given in 
the margin summarises the above information. 

The third methyl group is either at 7 or at 9 
position and the remaining oxygen is situated 
at position 6 or 8. 

fru 

(5) Pooition of methyl group. As 9 

stated above caffeine on oxidation gives dimethylalloxan and 
mrthylurea. Fischer, however, isolated another product also which on 
hydrolysis gave TV-methylglycine, CO a and NH B . Thus the third 
oxidation product must be jV-rnethylhydantoin. 






CH, 

CHr-lL 


c-o 


ll 

AT-metbythydantoin 



CH,.NH.CHi 

dxx>H 

/V-mcihylglycinc 


+NH.+CO, 


It, therefore, follows that caffeine contains two ring structures, 
one that of dimethylalloxan and second that of AT-methylhydantoin. 
The following two skeleton structures of caffeine are equally possible 
stnoe'eaefa one of these could give the required oxidation products. 



II 
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Fischer isolated a fourth oxidation product, viz., sym-dimethyl- 
oxamide, CH t .NH.CO.CO.NH.CH 3 . Examination oT the skeletons I 
and II would show that only I can give rise to the formation of this 
oxamide. Hence I is the skeleton of caffeine. 

(6) Position of Oxygen atom. In view of what has been 
said above, we see that there are now two possible structures of 
caffeine (ID and IV) which fit the facts equally well. 



By analogy with uric acid, IH would appear to be the more 
likely structure of caffeine. This, however, is not a proof. Fischer 
showed III to be the structure of caffeine as follows : 


C t H.O l N«. OCH, 
Methoxycaffcfne 


Caffeine on chlorination gives chlorocaffeinc which on treat¬ 
ment with methanol in presence of alkali gives methoxycaffeine. 
This on boiling with dilute hydrochloric acid yields oxycaffeine and 
methyl chloride. 

Cl, 1 CH,OH 

CiH lf O,N t —► C.H^O.T^CI-► 

Caffeine Chlorocaffeinc NaOH 

diLHCl 

-► C,H lt O,N 4 + CH.CI 

boil Oxycaffeine 

Fischer then showed that oxycaffeine was identical with a tri- 
methyluric acid , since on methylation with CH t I in presence of 
aqueous NaOH, oxycaffeine was converted into tetramethyluric acid. 
This inethoxycaffeine is either V or VI and oxycaffeine is either 

vn or VUL 


CB, 


0^ 


% J* CH, 

J ' C OCX «I 


Cfl, 


Methoxycaffetae 


VI 




Oxycaffeina via 
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When silver salt of oxycatieuie is heated with methyl iodide^ it 
ii converted into a mixture of tetramethyluric acid (which contains 
four JV-methyl groups) and methoxycafTcine (which contains three 
N»mrthyl groups and one methoxy group). 

This simultaneous formation of these two products suggests 
that oxycaffeine is a tautomeric substance, i.e., it contains the araido- 
imidol triad system. 

I I 

—NH—C=0 ** —N=C—OH 

This triad system can exist only in the imidazole nucleus in 
oxycaffeine, since n< ither nitrogen atom in the pyrimidine nucleus is 
attached to a hydrogen atom. Examination of structures VII and 
VIII sho ws th at VII can give rise to the above tautomeric system 
whereas VIll cannot. 

Thus the methoxy group in methoxycaffeine is in the imidazole 
nucleus and consequently the chlorine atom in rhlorocaflcine is also 
in this nucleus. Hence caffeine is IX and chlorotaffeine is X. 



(IX) Caffeine (X) Chiorocaffemc 

This structure has been finally confirmed by its synthesis as 
given on page 3*149. 

10. Theobromine, 3. 7-dlmethylxan thine.—It occurs m cocoa beans. It 
to a . white crystalline solid (m.p. 624K) with slightly bitter taste. It is readily 
soluble in water and finds use in medicine as diuretic. 

11. Adenine, 6-amlnopnrine.— -It occurs in tea leaves, molasses, yeast and 
urine. It is manufactured from tea and molasses. 

It is a colourless solid (m.p. 633K) highly soluble in water. It dissolves 
fci acids and alkalis forming salt with them. 

12. Guanine, 2amino-6-hydroxypurine. —Along with ade* 
pine, it occurs in many plants and in the organs of animals, e.g ,, 
skin, and scales of fish ana reptiles. 

It is a colourless solid very nearly insoluble in water and 
alcohol. It dissolves in acids and alkalis due to the formation of 
salts. 

13. Hyp oxan thine, Sarldne, 6-hydroxypurine. —It is present 
in muscles, spleen, liver and pancreas. It is a crystalline powder 
which decomposes when heated at 423K. without melting. It is 
slightly soluble in water but dissolves in alkalis due to the formation 
of salts with them. 
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QUESTIONS 

Guay type: 

|. What art uroi ^ and purmca i How are they reULed ? 

(De/W ASc. /Tow. 70ft) 

2, How is uric acid obtained 7 Discuss its chomistry and show its 
relationship to caffeine and theobromine. 

9. How is uric acid synthesised 7 Discuss its constitution. 

(Guru Nank B.Sc. 1971 ; Delhi B£c. Hons. 1975 , 73) 

4. Discuss the constitution of uric acid. How is it converted into 

caffeine and purine 7 (Vtkal B.Sc . 1976 ; Delhi B.Sc. Hons , 1975, 73 , 72) 

5. How would you prepare caffeine ? What are its chief uses 7 

6. Discuss the evidence both analytical and synthetical on which the 

structure of caffeine is based. (Delhi B.Sc . Hons. 1974) 

7. How is caffeine prepared 7 Describe its important properties and 

uses. 

t. How is veronal prepared 7 Mention its important uses. 

'9. Uric add, C g H*G,N| on oxidation with alkaline permanganate yields 
allantoin, C 4 H g O g N g and CO,. Discuss how the structure of allantoin is derived. 
Write the structural formula of uric acid. (Delhi B.Sc. Hons . I97S) 

10. Why, in ureides, is the N—H bond quite acidic in character and can 

easily be replaced by an alkyl group on treating the ureidewith metals and 
alkyl halides ? (Delhi B.Sc % Hons. 1978) 

Short Answer Type : 

1. What are ureides T How arc they classified ? 

2. Write names and formulae of products obtained in the following 
reactions: 

(/) Acetamide-f COCl t —► (ii) Oxalic acid4-urea-* 

{/#) Malonic ester+urea-*- (fy) Glycollic add+urea—► 

(v) Acetoacetic ester4-urea-** 

3. Write structural formulae of the fol’nwmg : 

(0 Veronal (//) Luminal (Hi) Bromural 

4. Write structural formula of pyrimidine. How is it obtained from 
barbituric acid t 

5. Write canonical forms of the resonance hybrid of pyrimidine. 

6. Write structures of— 

(0 Pyrimidine ring ; (ff) Imidazole or iminazole ring; (///) Purine. 

7. How is uric acid converted into purine ? (Delhi B.Sc. Hons, 1976) 

8. How are the following related to each other 7 

(0 Uric acid ; [ii) Xanthine ; (/f/) Caffeine. 

(Delhi B.Sc . Hons. 1976) 

9. Write structural formulae of 

(D Alloxan ; (ff) Allantoin ; (W) Uric acid. 

10. What happens whon allantoin is treated with the following ; 

(0 HNO g ; (flf) Alkali ; (fif) HI 

11. Starting from cyanoacetic ester how would you synthesise uric acid 1 

(Delhi B.Sc. Hons . 1976) 

12. Write structural formula for— 

(/) Caffeine i (ii) Dimcthylalloxan ; (Hi) JV-methylhydantoin. 



8 

Alkaloids 


1. Introduction, —Alkaloids (Alkali-like substances) cannot be 
defined precisely by any brief statement because this term is applied 
to a large group of complex and rather loosely-related compounds. 
These are now generally defined as basic nitrogenous compounds of 
vegetable origin usually having a marked physiological action and which 
may be regarded as derived from pyrrole , pyridine , quinoline, isoquino¬ 
line or similar cyclic nitrogenous nuclei. Many of them possess curative 
properties and are of great value in medicine. 

Pharmacists often include caffeine and theobromine among the 
alkaloids because of their basicity. Their chemical structure, however, 
places them with the purines and the purine bases are not usually 
classed among the alkaloids. 

Although the poisonous and therapeutic properties of various 
plants have been known and utilised from early times, the first 
alkaloid (morphine) was isolated by Sertumer only in 1017 from 
opium. This was followed by the discovery of strychnine (1018), 
brucine (1919), quinine (1820) and many other alkaloids. All attempts 
to determine their constitutions or to prepare them synthetically, 
however, failed for a long time. 

Their common basic character was suggested by Liebig to be 
due to the presence of nitrogen* It was later found that pyridine and 
other heterocyclic bases were obtained from alkaloids by drastic 
treatment with caustic alkali, zinc dust, etc. Important # work on 
synthesis and constitution of alkaloids was carried on from 1870 
onwards by Ladenburg, Skraup, Konigs, Pschori, Wilistatter, Pictet, 
Perkin (Junior), Robinson and others. 

2. Occurrence. —Alkaloids are usually found in plants 
(generally of the class of dicotyledons) in the form or salts—in which 
they are either combined with organic acids such as lactic, citric, 
malic, oxalic, commonly found in plants or with certain charac¬ 
teristic acids such as quinic acid (in cinchona alkaloid) and meconic 
add. In some cases they exist as glycosides. Although they may 
be detected in all parts of the plant, they generally accumulate in the 
fruit and seeds and alio in the bark of trees. 

3. Extraction of Alkaloids from Plants.— The plant mate¬ 
rial is finely powdered and treated with water acidified with hydro¬ 
chloric or sulphuric acid when the alkaloids form salts with these 
mineral adds and dissolve in water. The water extract contains the 
hydrochlorides or sulphates of alkaloids together with dyestuffs, 
carbohydrates and other products from the plant tissue. This is 
treated with alkali when the ' alkaloids (being sparingly soluble in 
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water) are precipitated. In the case of volatile alkaloids, the acidu¬ 
lated water extract is treated with alkali and steam-distilled. 

Purification of the crude product obtained above is earned on 
by special methods or frequently by crystallization of the freed 
compounds or their salts. 

4. General Proper tie#. 

(i) State. Most of the alkaloids are crystalline solids which 
cannot be distilled. Only a few of them are liquids and volatilize 
without decomposition, coniine and nicotine. 

(*») Physiological action. Most of them are bitter in taste and 1 
often exert a marked physiological action. 

(m) Solubility. Almost all of them are either insoluble or 
sparingly soluble in water. Liquid alkaloids (coniine and nicotine) 
are notable exceptions (being readily soluble in water and apprecia¬ 
bly volatile in steam). Alkaloids dissolve with more or less difficulty 
in chloroform, ether and benzene but arc readily soluble in alcohol. 

(iv) Optical activity. Most of them are optically active and' 
usually laevo-rotatory. 

(r) Basic nature. In a number of cases their solutions give a 
strong alkaline reaction. All of them form salts with acids. Among 
these salts the chlorides, sulphates and oxalates crystallize well. 
Their chlorides give double salts with chlorides of gold, platinum 
and mercury. 

(in) Precipitation . Alkaloids are precipitated from their aqueous 
or add solution by a number of substances called ( alkaloid reagsnts ) 
such as picric acid, tannic acid, perchloric acid, potassium mercuric 
iodide, potassium bismuth iodide, phosphomolybdic acid and phos- 
photungstic acid. Precipitation with alkaloid reagents is often 
employed for the isolation and purification of alkaloids. This 
cannot, however, be used for quantitative analysis since the resulting 
compounds are not sufficiently insoluble and because the reagents 
precipitate some other organic substances also. 

5. Determination of the Chemical Constitution of Alka¬ 
loids. —Different steps involved in the determination of constitution 
of an alkaloid are : 

(a) Determination of Molecular Formula. The specimen 

is purified and subjected to qualitative analysis. Carbon, hydrogen 
and nitrogen art invariably present while oxygen is rarely absent. 
This is followed by quantitative analysis, determination of molecular 
weight and then calculation of empirical and molecular formulae. 

(b) Detection of Groups. Knowing the presence of nitrogen 
and/or oxygen in the alkaloid, the functional nature of these elements 
is determined. 

functional nature of oxygen 

(1) Hydroxyl group. The alkaloid is treated with acetic 
anhydride, acetyl chloride or benzoyl chloride to detect the presence 
of hydro xyl group. (Note that Amino group also rracts with these 
reagents) 

TOC—111-3*83*10 
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The hydroxyl group may be phenolic or alcoholic. It is phono* 
lie if the alkaloid— 

(i) gives a coloration with ferric chloride ; 

(it) is soluble in sodium hydroxide and is reprecipitated by 
carbon dioxide. 

If the hydroxyl group is not phenolic, it must be alcoholic. 
This is confirmed by treatment with dehydrating agents (H a S0 4 and 
PjOjg) or by oxidation. 

(2) Carboxyl group. Presence of a carboxyl group is indicated 
by thr solubility of the alkaloid in aqueous sodium carbonate or 
formation of esters. 

(3) Ester group . Identification of the products of hydrolysis of 
the alkaloid indicates presence or absence of an ester group. 

(4) Methoxy group . The presence of methoxy groups and their 
number is determined by Zeisel method described under Estimation 
of Groups. 

FUNCTIONAL NATURE OF NITROGEN 

(5) Amini Group, (i) The reactions of the alkaloid with acetio 
anhydride, benzoyl chloride, nitrous acid and methyl iodide show 
whether the amino group is primary, secondary or tertiary, 

(it) Formation of methylamine, dimethylamine, trimethylarnine 
(volatile products) on distillation with aqueous potassium hydroxide 
indicates the nature and number of methyl groups attached to nitro¬ 
gen atom. 

(6) Amide group. Products of hydrolysis (acid and ammonia) 
the alkaloid will show the presence of amide group. 

(7) Presence of Unsaturatum . Presence of unsaturation is indi¬ 
cated by treatment with bromine water or dilute alkaline permanga¬ 
nate. Reduction with sodium amalgam, sodium and alcohol, 
hydriodic acid or tin and hydrochloric acid also show the presence 
of unsaturation. 

(d Estimation of Groups. The estimation of various groups 
detected as above, is carried on as follows : 

(1) Hydroxyl groups. The number of hydroxyl groups is 
determined by acetylating the alkalo d followed by hydrolysis of the 
acetyl derivative with a known volume of N-NaOH. The excess 
of the alkali left unused is estimated by back titration with a standard 
add. 

CHaCOCI NaOH 

ROH-►RO.OCCHg-►ROH+GH,COONa 

Hydroxy Acetyl deriv 

compound 

From the volume of N-NaOH used, the number of acetyl groups 
*r hydroxyl groups can be calculated. 

(2) Carboxyl groups. The number of carboxyl groups may be 
determirrd volumctrically by titration against a standard barium hy¬ 
droxide solution using phenolphthalein as indicator or gravimetrically 
■by silver salt method. 
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(3) Methoxy groups. The presence of methoxy groups end their 
number may be determined by the Zeieel method. The alkaloid is 
heated with concentrated hydnodic acid at 399K, boiling point of HI. 
The methoxy groups present in the molecule are thereby changed 
into methyl iodide which is absorbed in alcoholic silver nitrate when 
silver iodide is precipitated. 

R(OCH l ),+*HI-*• R(OH), + xGH,l 

xCHjI-f scAgNO,- *■ *AgI + xGH,NO, 

The precipitate of Agl is boiled with HNO„ filtered, washed, 
dried and weighed. 

From the weight of silver iodide, we calculate the number of 
methoxy groups as illustrated in the solved example given b;low : 

Example 1. When treated according to Zeisel's method 0-2S6 
gram of an alkaloid C n B }J 0 t N yielded 0*626 gram of silver iodide. 
Calculate the number of methoxy groups present in the molecule of the 
alkaloid. 

Solution. 

Mol. mass of the alkaloid, C io H 11 0 1 N=240 + 2l + 64+14=339 

Wt of alkaloid taken=0'226 g. 

Wt of Agl obtained =0'626 g. 

/. The wt of Agl that will be produced by 1 mole, i.e., 339 g 
of alkaloid* x 339=939 g. 

Mol mass of Agl = 107 88 + 127 = 234-88. 

It is clear from the equations given above that corresponding to 
each methoxy group present, one molecule of Agl is obtained at the 
end. Hence the number of methoxy groups in the molecule of the 

alkaloid =234-88 ~ 4 ' 

(d) Degradation. The complex molecule is broken into 
relatively simple fragments nature of which gives useful information 
about the type of nuclei present in the molecule. Various methods 
employed for degradation arc : 

(1) Hydrolysis. Molecules containing an ester or amide group 
break on hydrolysis into simpler products. For example, pipeline 
on hydrolysis splits up to give piperic acid and piperidine. 

C n H a O a CO—NCiHjo+HgO-►C 11 H p O a COOH+C 5 H 10 NH 

Piperine Pipcnc acnl Piperidine 

From this we infer that piperine is a piperidinamide of piperlo 

acid. 

(2) Oxidation, Alkaloids on oxidation give a variety of produces 
depending upon the nature of oxidising agents—mild (H 2 () a or alka¬ 
line potassium ferricyanide), moderate (acid or alkaline KMnO|) or 
vigorous (KjCtiOj+H^Oi : cone. HNO a or MnO a -f H a SO € ) 

(3) Distillation with Zinc dust . This brings about degradation 
or dehydrogenation. When the alkaloid contains oxygen it la 
removed during distillatecn. For example, on distillation with amo 
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dust moipbinc yields phenanihrene (parent compound) while coniine 
undergoes dehydrogenation to give conyrine. 

(4) Exhaustive Methylation. Heterocyclic rings containing 
nitrogen are opened with the elimination of nitrogen when subjected 
to exhaustive inethylation. It thus helps us in knowing the nature of 
the carbon skeleton. 

The heterocyclic compound is hydrogenated, if unsaturated, and 
converted to the quaternary methylammonium hydroxide. This on 
heating loses a molecule of water by combination of —OH group 
with a hydrogen atom in ^-position with respect to the nitrogen atom 
and the ring is opened at the nitrogen atom. , 


On repeating the process with the product, nitrogen atom is 
completely removed leaving an unsaturated hydrocarbon behind 
which generally isomerises to a conjugated diene. For example, 
■farting with pyridine we have 



H 2 

h 2 c <pr ? w cn 3 i^ h 2 c CH;j\ 

HjC^CH 2 (i')AgOH H 2 C^CHr, \ 
U (CH 3 ) 2 }\pH/ 


Pyridine Piperidine 


A, »2 

c c 

HEAT* H z (f 'jW ») mtf "Ctf 

-H 2 0 HoC CH 2 (h)AgOfJ l%c + CH 7 

'N(CH 3 ) 2 \\^(CJi 3 h J jdjfy' 


HEAT 

-HfO 


(CH 3 ) 3 N + 


- H, .. 

tic' 'c« 

fl l* 

lljC Lit . ' 


H 

JC v 

ISO MERISES* uc CH 

hJc cr t 


Piperylene 

(e) Synthes!*. The alkaloid under investigation is assigned a 
tentative structure on the basis of the foregoing analytical data. Thi* 
is finally proved only if it could be synthesised by suitable methods. 

SOME INDIVIDUAL MEMBERS 

6. Coniine, C«H, 7 N ,— Coniine is one of the simple alkaloids. 
It is found in the seeds and otl er parts or the spotted hemlock 
(Conium rnaculnhtm), a shrub growing in wet locations. Socrates, the 
Greek philosopher who was condemned (o death in 399 B.C. for his 
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crime of teaching the young to think, was forced to drink hemlock 
extract. It was the first alkaloid to be synthesised (by Ladeaburg in 
1886) and thus the alkaloid which was responsible for causing the 
death of the wisest of men was the first to succumb to the synthetic 
skill of the organic chemist. 

Coniine is isolated from the powdered hemlock seeds by 
distilling with caustic soda solution. The distillate contains coniine 
which is extracted with ether. The ethereal extract is evaporated 
wh^n the alkaloid is left behind as an oily residue. 

Properties. It is a colourless oil which boils at 439-440K. 
It is optically active, the natural product being dextrorotatory having 
specific rotation = +15‘7°. It has an unpleasant smell and tuma 
brown on exposure to air. It is soluble in water but more soluble in 
alcohol. Coniine as well as its salts are exceedingly poisonous and 
cause death by paralysis of the motor nerve endings and depression of 
the central nervous system. 

Constitution. (1) The molecular formula of coniine as 
deduced from its analytical data and molecular weight determination 
is C,H 1T N. 


(2) When distilled with zinc dust coniine is converted into 
conyrine (C B H U N) which on oxidation with permanganate gives 
2-pyridinecarboxylic acid (a-picolinic acid). 

Distil with 

CgH l7 N Zn dust C B H^N 
Coniine — 3H 2 Conyrine 


[O] 


iCMn0 4 



COOH 


This shows that— 


2-Pyridine- 
carboxylic acid 


(i) In conyrine a pyridine nucleus is present with a side-chain 
in the 2-position. 

(it) Conyrine (having a pyridine nucleus) is formed when 
coniine loses six hydrogen atoms on . zinc dust distillation. Thus 
coniine is probably a piperidine derivative with a side-chain in 2- 
position. 

(in) Coniine and piperidine being CgH^N and GjH 10 N respec* 
lively, the above side-chain must be C a H 7 (their difference), propyl 
radical. 


Thus the formulae of coniine and conyrine can be written as 
follows : 



V: r j;jsr 
DISH/ / AVON 

n 

■■ 

- ?Jf Lo 

v** 

a 



Coniine 


Conyrine 


(3) The propyl group constituting the side-chain may bo 
*«propyl or isopropyl. On heating with hydrioiic acid at 570K uidbr 
pressure, coniine gives n-octane. This shows that th: side-chain is 
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Nrpropyl and not isopropyl. Had it been isopropyl, the expected 
product would have been isooctane. 

This shows that coniine is 2vn-propylpjperidine and various 
reactions or coniine described above can be formulated as follows; 

H 2 

m H 2 C CH? 



x jr'Vfy CH : CHj 

H 

CONIINE 

~3l/ z j-Z/r 


V b, ch 2 ch 2 ch 3 


n -octane 


r2- 

k 


<* n JCUjCH 2 CH 3 
CONYRiNE 


KMnO^ 



■COOH 


2-Pyridine- 
carboxylic acid 


(4) This has been further confirmed by synthesis (Ladenburg, 
1885). ^-methylpyridinium iodide on heating to 570K (300°C) gives 
2- sud 4-methylpyridines. 2-Picoline (2-methylpyridine) condenses 
with acetaldehyde at 520K to foim 2-propenylpyridine. This on 
reduction with sodium and alcohol gives coniine. 



300 ° 


CH 3 }J 

N-methyl- 

PYRiDWtUM 
/OOlOE 


r"S o--mc, 
l L Jcii.taCk 

>< ~lln0 


~s 

2- PICiil-IK - 


o=-mctu c ^ 

^cit X .^ch-chch, 

iLO JV 


2- PKOt I'NYLPi'RIDINE 


ffa/rj/ s an r'^ x ] 
e[H\ k* T > 


V 


-CH t CH z CH 3 


H (+) CONIINE 


Coniine so synthesised is a racemic mixture and is resolved by 
forming salts with (4~) tartaric acid. The salt of (+) coniine being less 
soluble, crystallizes out first. This on treatment with alkali gives(+) 
coniine which is found to be identical with the natural compound. 

Coniine has also been synthesised by Bergxnann (1932) from 
2.-mcthylpyridine and phenyllithium as follows : 



7, Piperine, Cj 7 H 10 O 9 N.—Piperine occurs in pepper, espe. 
daily black pepper (Piperine nigrum) to the extent of 7 to 9 per cent. 
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It was first prepared by Oersted in 1819 and crystallizes in mono- 
clinic crystals (m.p. 401-402’SK) having the flavour and taste of 
black pepper. It is sparingly soluble in water and is much less toxic 
than other alkaloids. 

Conatitutioii. (1) Molecular formula of piperine as deduced 
from its analytical data and molecular weight determination is 
C v H u O>N. 

(2) Hydrolysis of piperine by boiling with alcoholic potash 
gives piperidine and piperic acid. 

Ale. 

C 1 ,H 1 ,0 I N+H 1 0-► C 6 H 10 NH+-C u H|O,.COOH 

Piperine KOH Piperidine Piperic acid 

This shows that piperine is piperidine amide of piperic acid. 
We know that piperidine is hexahydropyridine and if the structure 
of piperic acid could be elucidated, the constitution of the alkaloid 
will be known 


(3) Structure of piperic acid. (») Routine tests indicate the 
presence of one carboxyl group and two double bonds in piperic 
acid. 


(if) Piperic acid (C ;; H b O, .GOOH) on oxidation with p«- 
manganate gives first piperonal and then piperonylic acid, 
CyHjOj.GOOH which has 4 carbon and 4 hydrogen atoms less than 
the parent acid. 

Change of piperonal to piperonylic acid involves change of 
aldehydic group ( —GHO) to carboxyl group ( — COOH), 

O O 


C u HiO|COOH-nr C T H*O r CHO-► C^HeO^COOH 

Piperic acid KMnOi \ Piperonal KMn0 4 Piperonylic acid 
(fit) On heating with hydrochloric acid at 470K under preutm 
piperonylic acid forms protocatechuic acid (3 : 4-dihydroxyben- 
zoic acid) and formaldehyde. 

C,H,0 4 + H.O —■2 HOj^J^^COOH 

Piperonylic 


acid 




HC* 

Protocatechuic acid 


+ HCHO 

Formaldehyde 


Since there are no free hydroxyl groups in piperonylic add 
and in the above conversion it loses only one carbon atom, it suggests 
that piperonylic acid is probably the methylene ether of proto* 
catechuic acid, i.e., it is 3 : 4-methylenedioxybcnzoic acid. 




Piperonylic acid or 
3 : 4-methy!encdiosyben2oic acid 

(ii?) This structure of piperonylic acid is further confirmed by 
its synthesis from protocatechuic acid and methylene iodide. 


CH,I, + 
Methylene 
iodide 


HOr^'^COOH _N«OH 
HeaT 

Ftotocatecbuic 

acid 


yO- 


On 


Piperonylic acid 
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(•) Further lince piperonal is an aldehyde which give* pipero* 
njrfle acid on oxidation, it must be 3: 4 mcthylencdioxybenxaldebyde. 

/O-r^NCHO KMnO, /O-r^COOH 

^o-U “or w <oXJ 

Piperonal Pipeionylic acid 


(w) These oxidation products (piperonal and piperonylic acid) 
•unest that piperic acid is a benzene derivative containing only 
me-chain. The two double bonds (shown by ready addition of 
four bromine atoms) must be present in this side chain. 


Further since piperic add on careful oxidation yields tartaric 
add in addition to piperonal and piperonylic acid, the side-chain 
must be a straight-chain. 


(om) Hence formula of piperic acid containing 3 : 4-methylene- 
dioxybenzene ring, a side-chain containing two double bonds, a 
carboxylic group with the carbon atoms arranged in straight-chain, 
can be written as 


co 


Piperic acid 
■which on oxidation gives 

“■co°”" 

Piperonylic acid 


CH»GH-CH«*CH.COOH 


and HOOC.GHOH.CHOH.COOH 
Tartaric acid 


(riu) The structure of piperic acid has been confirmed by its 
synthesis by Ladenburg in 1894. Piperonal is prepared from l, 2-ben- 
zenedioi eia Reimer-Ticmamt reaction. This is condensed with acet¬ 
aldehyde in presence of caustic soda (Claisen-Schmidt reaction). The 
condensation product, a cinnamaldehyde derivative, is then heated 
with a mixture of acetic anhydride and sodium acetate (Perkin 
reaction) when piperic acid is obtained. 


30 * 


CJHC1, — 


NaOH HOf^^NCHO CF,1, 




NaOH 


CH 


1, 2-benzenediol 


■\o-^ 

Piperonal 


CH.CHO 

NaOH 


O-r^^CH-CH.CHO 

CH <o-U 

Cinnamaldehyde derivative 


(CHi'OfcO 

CHaCOONa 


CH, 


/°' r |i CH “ CHCH “ ,CH ' GOOH 

\ 0 -Un J 
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(4) Structural formula of piperine as piperidine amide 
piperic acid can he written as 


° B ’O0 


CH=CH.CH=.CH.CO—N' >CH, 


' n ch,.gh 1 // 


(5) This structure is confirmed by its synthesis Grom the add 
chloride of piperic acid (obtained by the action of PC1§ on the add). 
The acid chloride is heated with piperidine in benzene solution when 
piperine is obtained. 

lCH=CH.CH=CH.COCl ✓CH..CH, 


CH, 


/ 

\o 


tO 


+HN 

Non r>u / 


Add chloride of piperic acid 


Heat .O—CH.CH~CH.CO.N 

-► GH,/ I II 


'^SH, 
CH,.CH t / 
Piperidine 


■\o-^ 


S 

Piperine ^CH,.CH! 

8. Nicotine, C 10 H t| N t . —It is the chief alkaloid of the tobacco 
plant (Nicaiiana tobacum) wherein it is present as a salt of maUo 
or citric acid. In leaves of tobacco its concentration is the highest. 
It varies from 0‘6 to B% depending upon the kind of tobacco. 

The alkaloid is conveniently prepared from lobacco leaves. 
Raw tobacco of high nicotine content is crushed and its soluble 
constituent extracted with cold water. The hydrocarbons present 
In the extract are removed by acidifying the solution and extracting 
with ether. The residual solution is made alkaline and nicotine set 
free is extracted with ether. 


Pro pe rt ie s. Freshly prepared nicotine is a colourless oily 
liquid (b.p. 519'2K under 730 mm pressure) readily soluble in water. 
Pure nicotine has an unpleasant smell unlike that of tobacco. It has a 
burning taste and is very poisonous (lethal dose being 30 to 50 nag). 
In air it rapidly turns brown and minifies and can be distilled 
without decomposition only in vacuum or in a current of hydrogen. 
The natural alkaloid is laevo-rotatory [a ]d "■—169®. 

In admixture with soap solution it is one of the most effective 
exterminating agents for green Ay and other insect pests. 

Constitution. (1) Molecular formula of nicotine as deduced 
from its analytical data and molecular mass determination is 
CwHi 4 N |f 

(2) Nicotine reacts with methyl iodide to form dimethiodide 
and two monomethiodidea but it does not form an acetyl or benzoyl 
derivative. This shows that the two nitrogen atoms in nicotine are 
tertiary. 

(3) Nicotine on oxidation with chromic acid or permanganate 
fives nicotinic acid (C*H 4 N.COOH). Three pyridi ne c ai hoxylic adds 
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are known with COOK gToup in 2», 3- or 4- position. There ar 
named picolinic acid, nicotinic acid and isonicotinic add. ‘ 
orientation was proved as follows; 

Quinoline on oxidation with alkaline permanganate gives quin 
linic add which must he 2, 3-pyridinedicarboxyIic acid. Quinolin 
acid on being heated to 36t)K loses one carboxyl gioup and gives nic 
tinir acid. Hence nil otinic acid must be either 2-pyridinccarboxyl 
acid or 3-pyridinccarboxylic acid. 



fP 1 



, r j 



COOH 

i II OR 

i 



Quinoline Quinolinic acid 3-pyridinc- 2-pyridine 

(Z, 3-pyndme- carbox>hc carboxylic 

dicarboxybe acid) acid acid 

{Nicotinic acid) 

Isoquinohne on oxidation with alkaline permanganate pio 
duces cinchomeronic acid which must be 3, 4-pyridinedicarboxyli 
acid. This, on gentle heating, gives a mixture of nicotinic and iso 
nicotinic acids. So nicotinic acid is either 3-pyridinecarboxylic ack 
or 4-pyridinecarboxylic acid. 



t» f^yom MTU ^ 

* C02 


Itoquinolinr Cinchomeronic 4-pyridine- 3-Pyndine- 

acid (3,4-pyridinc- carboxylic carboxylic 

dicarboxyiic add) acid acid 

{Nicotinic and isonicotinic acids 
In the above we find that both quinoline and isoquinolinc yield 
n icotini c acid and 3-pyridinccarboxyiic arid is a common product in 
both these reactions, this must be the formula of nicotinic add. If 
ihji is so, then isonicotinic acid must be 4-pyri(Unecarboxylic add. 
By elimination, therefore, picolinic add is 2-pyridtnecarboxylic acid. 



Picolinic acid Nicotinic add Isonicotinic acid 

Now since nicotine on oxidation followed by heating at 4bOK 
yields nicotinic acid (3-pyridinecaxboxylic acid), it suggests that 
nicotine contains a pyridine ring with some sort of group attached 
to it at the p-position. This group attached to pyridine ring is 
CioHuN, - C 5 H 4 N - C 6 H 10 N 
and the oxidation can be formulated as follows ; 



Mtotfn* 


[O] 




0 COOH 

N 


Nicotinic add 
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(4) Nicotine hydriodidc on treatment with methyl iodide gives 
a methiodide. This on oxidation yields hygrinic acid (/V-metbylpyr~ 
rolidine-x-carboxylic acid). This indicates the presence of pyrrolidine 
ring with a methyl group attached to N-atom and carrying somd 
other group in 2-position. The transformation can be indicated as 
follows: 

„ „ TVT H,C-CH t 

)—C b H 10 N I | 

—HOOC.HC^ 

N.CH f 

(Mol. formula C B H 19 .N.GOOH) 
Hygrinic acid 

This indicates that pyridine ring has been destroyed during 
the transformation and the group —C 6 H 10 N attached to the pyridine 
ring in -position is ^-methylpyrrolidine. 

(5) Pyridine and pyrrolidine nuclei are joined through carbon 
atoms at ^-position in pyridine and 2-position in pyrrolidine. This 
gives the stiucture of nicotine as 

CH.—OH, 

I I 

1~CH CH g 

w 

CH, 

Nicotine (l-inctliyl-2-M>yridylpyrrolidine) 

(6) Hie conversion of nicotine into nicotinic acid and hyg rinic 
acid has been formulated as under : 

CWg €H 2 

CrvQV 1 



"N 

NICOTINIC acid 


CH 3 



NICOTINE 


(3 + j- 

NlCOTINE HYORIODIDE 



iWW) 6 


nicotine 

ISO- ME THUOlOe • 


Cfy —CH* 

c&r 

CHj 

NICOTONE 


CrO} UOOC- 


l0] 



HYGUNIC AOO' 


(7) Thia formula baa been further confirmed by its aynthesla 
and Bretachneider (1928) aa follow* : 

, H.C—CH, Electrolytic H.G—CH, (CH^SO, H,C—GH, 

(a) | |-► I |-- | I 

i OC CH. N«OH OG GH, 


OC GO reduction 
Sttcelnlmlde 


CH, 

\/ 


NH 

2-Pynolidooe 


N.CH, 

Af-methyl- 

....mlMoee 
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GH,—CH, CH,—CH, 



(//-Nicotine 


The (±)-mixture was resolved by means of (±>-tartaric acid 
and (—)-nicotine thus obtained was found to be identical with the 
natural product. 

». Atropine, C^.O.N.—Atropine (m.p. 391K) along with 
hyospanrine occurs in deadly nightshade (Atropa belladonna) and 
(horn-apple (fruits of ihatun s ttramoniwm )—plants of the Solanaceae 
family. 

It hm a sharp bitter taste and is extremely poisonous. It has s 
prope r ty of dilating the pupil of the eye and on this account findi 
an extensive use in eye-surgery. 

CsasdtBtiea (») Molecular formula of atropine as deduced 
from its analytical data and molecular weight determination u 

G„H It O I N. 

(2) Atropine occurs together with hyosyamine. Hyosyanune 
is optically active and on wanning with ethanolic alkali solution 
racexnises to atropine. Thus atropine is ( ±) hyosyamine. 

(3) Atropine undergoes hydrolysis, when warmed with banuro 
hydroxide solution, to give (±) tropic add and tropine (an alcono )■ 
Inis suggests that atropine is die tropine ester of tropic acid 

+ H *°— ss& + w 
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(4) Conatitudoii of Tropic add. 

(i) Its molecular formula as deduced from its analytical data 
and molecular weight determination is C»H s0 O|. 

(u) It does not decolorise bromine water* showing it to be a 
saturated compound* 

(sit) It shows the presence of one carboxyl group and one alco¬ 
holic group from usual tests. 

(it/) Tropic add loses a molecule of water* when heated strongly! 
and gives atropic acid with molecular formula, C,H,Oa. This on 
oxidation gives benzoic acid. This suggests that tropic and atropic 
acids both contain a benzene ring with a side chain. Possible struc¬ 
tural formula of atropic acid could, therefore* be either I or II. 
C|H|.CH CH.COOH C,H,-C- COOH 

II 

CH, 

1 II 

But I is known to be structural formula of cinnamic add. Hence 
U is the structural formula of atropic add, 

( v ) Atropic add is the dehydration product of tropic add. 
Hence structural formula of tropic acid can be written by adding a 
molecule of water to atropic acid. It can be either IH or IV. 

OH H 


GfHg—C—COOH 


GiHp—C—COOH 
I 

CH.OH 


(w) Mackenzie and Wood (1919) synthesised tropic add start¬ 
ing from acetophenone and showed that its structure was IV. 


HCN C s H,v / 

«0-► yCc 

CH, N 


C,H, X ,OH 

CH/ X200H 
in 

At noised c acid 


Heat under 

reduced 

pressure 


OH. COOH 

\ c / hq c # h IXc/ ch,ci 

N ether '''COOH 

CH, 

11 


K,CO, C,H iN ^^ / CH,OH 

N COOH 

IV 

Tropic acid 

iw is the structural formula of atrolactic acid. Its dehydration 
to II confirms the structural formula of atropic acid. Addition of 
HC1 to O takes place contrary to Markownikoff s rule due to the 
inductive effect of COOH group. Tropic acid is optically active and 
race mievariety is obtained in the above synthesis. 
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(5) Constitution of Tropine (Tropanol): (t) Molecular 

formula of tropine as calculated front its analytical data is CiHjiON, 

(it) It behaves like a saturated compound which contains an 
alcoholic group. 

(tit) Laden burg showed the presence of a reduced pyridine 
nucleus in tropine as follows : 

HI [HI 

C.HuON-- CfH u NI-► CgHuN 

Tropine (below 420 K) Tropine Dihydrotropldinc 

iodide (troparus) 

distil Zn dust 

-* CH 8 C1 + C t H 1b N-* CyHtN 

hydrochloride •nor Dihydro* distil 2-Ethyl- 

tropidine pyridine 

Tropine iodide is formed by the replacement of the alcoholic 
group in tropine by an iodine atom which on reduction is replaced 
by hydrogen atom to give dihydrotropidinc (tropane). On distilla¬ 
tion of its hydrochloride it loses CH B C1 showing the presence of an 
JV«xnethyl group. Formation of 2-ethylpyridine on distillation with 
zinc dust suggests the presence of pyridine nucleus in reduced form in 
tropine, 

(tr) Based on these experimental observations, Laden burg 
suggested the following alternative structures for tropin* ■ 



(v)|Merling (1891) obtained (±) tropinic acid by the oxidation 
of tropine with chromic anhydride. 

CrO B 

C|Hi|ON-► C^gO^N 

tropine (±) tropinic acid 

Tropinic add is a di carboxylic acid and oxidation of tropine to 
tropinic acid takes place without the elimination of any carbon atom. 
Hus suggests t hat the hydroxyl group in tropine must be present ip 
a ring system Laden burg formula is, therefore, untenable. 

(pi) Mcrling proposed the following structures for iropine f both 
having the hydroxyl group in a ring system. 



• nor I *d realm absence of methyl group 
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fan) Willstatter (1895—1901) studied the products obtained on 
oxidation of tropine with chromic*anhydride. 

CrO, CrOg 

C.H^ON-► r?*H n ON-► C^HnOfN 

Tropine Tropinonc (±)-Tropinic acid 

Since tropinone behaved as a ketone, tropine must be a 
secondary alcohol which gives the ketone on oxidation. 

He also showed that tropinone forms a dibenzylidenc derivative 
with benzaldehyde and a di-oximino derivative when treated with 
amyl nitrite and hydrochloric add. This suggests the presence of 
—GH,.CO.CH|— grouping in tropinone. No such group is possible 
in the oxidation product obtained on the basis of Merhng formula 
which is, therefore, untenable, 

Willstatter, therefore, proposed three structures for tropine but 
eliminated two on the consideration of its reactions. He was thus 
left with only the following formula which contains a pyridine 
nucleus as well as a pyrrole nucleus with the nitrogen atom common 
to both. 


-(pi z 

l?Ch 3 CHOH also written as 

biz — h — ch z 

(mu') Various reactions of tropine could be readily explained on 
the basis of this foimula. For example, 

(а) Formation of 2-ethylpyridine from tropine ,. 

TROPIN* 0W0RQTRQP1MNL NOROlHYDRQTROPtDU/t ^ETMVLPYRlD *T 

(T(CO PANE) 

(б) Formation of tropinone , tropinic acid and dibenzylidene Ifo- 
pinone from tropine . 

^€7 

TROPINONE TROPINIC ACID 

\phCHO 
* CHPh 



QBSHgrUDBNiTmPlNONe 
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. . W, 111 * aMigned to tropine has beat finally confirmed 

by its synthesis (Wilbtatter tynthuii). y co ™ nnea 


O^O^O— 


VJBEROSt 


OCLOHEPTENi 


Or 


Mi?,AW 



i txHMT 've Dr : 


Is 


HBr 


e * CVCLOHEPTA DlEMf j>r(U-Am) CYCLONE PTATRlENE 

MM/!. ~\ r Li ~ 


He t m 


\ : r;/ \._ 

J ‘■' B: hb,- / Tk i^r ) fBr 

V^-n, S U-( 

Br 5 3r 


A'QH 


^^KI(Rv-+1 ' _ H£AT ( I > Mill* / / 

rr - —lV £ Vb " 


«W'f 


Tfio°iom 



Y- TROPINS 



W 


TROPMONE 


TROPINE 


mtrr if! Con * tit * ,tion ® f Atropine. Atropine being the tropine 
titer of tropic acid can be obtained by heating their mixture in 
presence of hydrogen chloride and can be formulated as under : 

r ZS^^ moc f 1 kjSU ^£T£« j? 

tor— bn —-fe <W if— ln t i^ oa 

Wl* TROPIC ACID ATROPINE 

^ " e ~° 

{cinchona offieinuU,) originally found only in Smh AmtS ^ 
present it is grown in other tropical countries also liiTSX £ 
Lanha and J.iva. But Java is the main cultivator of linrhn„ j 
has a somewhat monopoly in the production of quinine ^ ‘ nd 

with theAKitto «?uiy C iS ThL t>een Jus ‘ meatioaed 

the lyUsbus for B.Sc. students in anyuiiiveixity^*"' Thes * “* not included in 
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For extraction cinchona bark is powdered and treated with 
alkali until it gives a semi-solid mass. This is allowed to stand 
overnight and the alkaloids present are extracted with hot petro¬ 
leum ether. The extract is treated with dilute sulphuric acid when 
the alkaloids pass in solution formimg sulphates. The acid solution 
is partially neutralized and oncentrated when quinine sulphate 
being comparatively less soluble crystallizes out. This is separated 
and recrystallized. 

Properties. Quinine is a white solid (m.p. 450K) with a 
bitter taste. It is almost insoluble in water but soluble in organic 
solvents. It is optically active and the natural product is fasao- 
rotatory, [a] D == —158 2°. It is antipyretic and is used in lowering 
body temperature. It kills the micro-organisms that cause malaria 
and its salts (sulphate and chloride) were used as specific Tor the 
treatment of malaria 

Structurally quinine is made up of two heterocyclic units— 
quinoline and quinuclidinc joined through a hydroxymcthylene 
(—CHOH—) group as shown below : 


CH,0C 



cfC bjfc'CHCH-CH, 


<m^CHCH=CH t 


8UININ£ 




CINCHONINE 


11 Cinchonine, C^H^ON — It is a white optically active 
solid (m.p. 537K) fa] D = + 234°. Its structure is similar to that 

of quinine except that the methoxy group is absent as shown 
above. 

12. Morphine, C-nHj.OsN.—Morphine (m.p. 527K) is the 
chief alkaloid present in opium obtained from poppy (Fapavtr 
tomniferum). 

Morphine hydrochloride is commonly used in medicine as a 
soporific and for the alleviation of pain 

QUESTIONS 


Essay Typr : 

1 Define an alkaloid and outline metlt’ds for the extra, hon of alka 
loidt from plant materials. What are their uses 7 (Del i B.Sc 8 ) 

1. Write an explanalory note on t ‘General characienstjc^of^kaloi^ J 

uui, i/JSSEL- p " p “* ,i ”' "IffiKf*.'»”?'£■« «*' 

bptation of mcoiinc and the evide g_ S c. 1974 ; Madras 1974 , 73) 

Dicotine. 

TOC—III-J-80-11 
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5. Write what you know about the preparation, properties arid 
synthesis of pipcrine. Discuss its structure. 

6. Discuss the constitution of alcohol obtained by the hydrolysis of 

atropine. (Delhi B.Sc. Hons. 1972) 

vW Describe one synthesis of nicotine. 

[Delhi B.Sc. Hons . 1979\ 76, 73) 

7. How was the structure of nicotine established ? 

(Delhi B.Sc . Hons. 1974) 

8. (a) How is tropic acid obtained from atropine 7 Give evidence for 

the structure of tropic acid. (Delhi B.Sc, Hons, 1980, 74) 

9. Discuss the structure of atropine* ( Mysore B. Sc. 1972) 

Short Answer Type : 

1. What art alkaloid reagents 7 (Mysore B.Sc. 1972) 

2. How would you show that— 

Pyrrolidine and pyridine nuclei are joined in nicotine at s-posilion in the 
former and 6-position in the latter. (Delhi B.Sc, Hons. 1976 , 73) 

3. (a) How would you show that— 

(/) Nicotine contains a pyrrolidine nucleus ? (Delhi B.Sc. Hons . 1976) 

4. Give the synthesis of tropinone. (Delhi B.Sc. Hons. 1973) 

5. In a Zeisel’s determination for raethoxy groups one gram of a sub¬ 
stance of the formula CtHgOi gave after treatment with red phosphorus, iodine 
and water, and the decomposition of the resulting methyl iodide with alcoholic 
AgNO s , 2 67 g of Agl, Calculate how many methoxy groups are present in 
rbe molecule, 

[Ana. one] 

6. Exhaustive methylation has been an important tool in the study of 
the structure of alkaloids. Illustrate the statement by giving examples of two 
alkaloids you have studied. 

7- What is piperidine ? How are piperidine and coniine related to 
each other 7 (Delhi B.Sc. 1977) 

8. (a) What are alkaloids ? 

(6) How is nicotine isolated from tobacco leaves ? 

(c) How will you establish the structure of tropinc and tropic acid 7 

(Delhi B.Sc. Hons . 1979) 

9. How would you establish the linkage between pyridine and pyrolH* 

dine nuclei present in nicotine ? (Delhi B.Sc. Hons . 1978) 

10. (a) Outline steps in the synthesis of tropine by Willstatter’s method# 

(b) How is heterocyclic system identified in an alkaloid by Hermann 
exhaustive methylation method ? (Delhi B Sc, Hons . 1979) 
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T erpenoids 


1. Introduction.— The terpenoids constitute a group of 
compounds majority of which arc highly widespread in die plant 
kingdom. A few of them have also been obtained from other source®. 
Terpenoid hydroraibons with few exceptions have the molecular 
formula ( 05118)11 and the value of n has been used as a basis for the 
classification of terpenoids. 



Value of n 

Formula 

Class 

(0 

2 

Gi.Hn 

Monoteipenoids 

(«) 

3 

G is H l4 

Sesquiterpenoidi 

(»*»■) 

. 4 

C*oH n 

Diterpenoids 

0'«0 

5 

CjjbHjo 

Scstcrtcrpenoids 

(») 

6 

g..h m 

Tri terpenoids 

(in) 

3 

G*oH e4 

Tetrateipenoids 

(Caiotenoids) 

(»»'»') 

>8 

(G|H.). 

Polyterpenoids 


In addition to these terpenoid hydrocarbons, there arc oxyg^ 
nated derivatives of each class. These are mainly alcohols, aldehydes 
or ketones. 

Terpenoids were previously termed terpencs and this name ifl 
still being used. The suffix ‘cne’ is used for unsaturated hydro 
carbons. The name ‘terpene* is, therefore, inappropriate for tbo 
group which includes compounds such as alcohols, aldehydes, 
ketones, etc. There is a tendency, therefore, to use the more general 
term ‘terpenoids 1 . The term ‘terpene 1 is at present rather restricted 
to the hydrocarbon, CioH lt . 

The simpler mono- and sesqui-terpenoids and the related oxygen# 
containing substances are highly widespread in the plant kingdom. 
Volatile oils contained in different parts of the plants, (roots, stem, 
leaves, flowers and fruits) are separated by steam distillation These 
arc called essential oils and have a strong and pleasant odour. JThese 
oils arc responsible for the odours and flavours associated with plant®. 
Due to their pleasant odour, essentia) oils have been used as perfume® 
since long. Essential oils are mixtures of terpenoid hydrocarbons and 
their oxygenated derivatives. Some essential oils, e,g. t lemon, orange 
and turpentine oil, are almost exclusive mixtures of terpenoidj, 

2. Isoprene Rule.— Terpenoids, with few exceptions, have 
the empirical formula C^H*. Their structural formulae suggest that 
terpenoids are polymers of isoprene, 

CH, 

CH,» .i— GH-CH,. 
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On this account they aie sometimes referred to as »soprmoid earn • 
pounds. 

Products of thermal decomposition of terpenoids invariably 
contain isoprene as one of the constituents. This led Wallach (1887) 
to suggest that the skeleton structures of all naturally occurring terpenoids 
ore built up of isoprene units . This is known as the isoprene rule. 

According to Ingold (1925), molecules of terpenoids arc built of 
isoprene units joined head to tail. The branched end of the isoprene 
molecule is termed the head and the other end is called the tail. 

c c c 

C-C-C-c c—c—c-c-lc—t—c—c 

Head Tail Tail | Head 

(Isoprene skeleton) t Myrcent skeleton) 

This divisibility of terpenoids into isoprene units and their 
head to tail union is referred to as Ingold’s special isoprene rale. 
This rule can, however, be used only as a guiding principle and not 
as a fixed rule since theie are several exceptions to tlir rule. 

Monoterpenoid molecule (C lt H lt ) contains six hydrogen dtoms 
less than the molecule of corresponding alkane (C l0 H M ). Since each 
double bond or ring reduces the number of hydrogen atoms by two. 
shortage of six hydrogen atoms can be accounted for in three different 
ways giving rise to three different groups of monoterpenoids given 
below : 

(i) Open-chain or Acyclic monoterpenoid a containing three double 
bonds. 

(it) Monocyclic monoterpenoids containing one carbon ring and 
two double bonds. 

ft»i) Bicyclic monoterpenoids containing two carbon rings and 
one double bord. 

Monocyclic monoterpenoids contain a six-membered ring. 
Ingold pointed out that the presence of a grm-dialkyl group renders 
the cyclohexane ring more stable. This gtm-diallcyl rule , stated by 
Ingold, limits the number of possible structures obtained by closing 
the open chaih to a cyclohexane ring. Thus the monrtrrpenoid open 
chain can give rise to only one monocyclic monoterpenoid, riz., the 
jp*cymcne structure. Most of the naturally occurring monocyclic 
monomerpenoids are derivatives ofp-cymene. 



acyclic structure 


p-cymenc structure 
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The acyclic structure is also written above in the conventional 
ring shape 1 , 

Bicyclic monoterpenoids contain a six-member ring along 
with another three-, four- or five-member ring. Presence of a 
fern-dimethyl group in these cyclopropane and cyclobutane rings is 
essential to render them sufficiently stable for occurrence in nature. 
Three possible skeletons of a bicyclic monoterpenoid are : 



Bicyclic monoterpenoids with all the three types of skeletons arc 
known. 

3. Isolation and General Properties of Terpenoid*, 

Essential oils are extracted from plants mainly by steam distilla¬ 
tion. Plant tissues (roots, stem, leaves, flowers or fruits) are mass 
cerated and steam-distilled when the essential oils distil over. In 
case constituents of the essential oil decompose on steam distillation, 
it is extracted with a solvent, e g light petrol at 320K. From the 
solution so obtained, the solvent is distilled away at reduced pressure. 
Still another method which may be employed is adsorption in fats. 
For example, to extract the essential oil present in flower petals these 
are spread over purified molten fat until the latter is saturated with 
die essential oil which may be extracted from the resultant fat with 
ethanol. Terpenoids are obtained from the essential oil by fractional 
distillation. 

As far as physical properties are concerned, majority of the 
terpenoids arc colourless liquids which are lighter than water and 
boil between 410K and 4iOK. A few of them are solids. These are 
lighter than water, volatile in steam, usually highly refractive and 
Insoluble in water but soluble in organic solvents. Most of these 
are optically active. 

Chemically these are unsaturated compounds (open-chain or 
cyclic with one or more carbon atom rings) containing one or more 
double bonds. Consequently terpenoids give addition products with 
hydrogen, halogens, halogen acids. Some of them form crystalline 
hydrates. They undergo polymerisation, oxidation and also de¬ 
hydrogenation in the ring. With N0 lf NOCI and NOBr, terpenoids 
give characteristic addition products which are useful in their identic 
n cation. A number of them possesi antiseptic properties. 

ACYCLIC MONOTERPENOIDS 

4. Myrceae, C 10 H 19 . —This is an acyclic monoterpenoid 
hydrocarbon (i.e., a terpene). It is a colourless oil (b.p. 439-44IK) 
which occurs in verbena and bay oils. It gives reactions of a 
trlolefin. 
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Constitution, (t) Molecular formula of myrcene, as deduced 
from its analytical data, is C 10 H ir 

(ii) Myrtcne on catalytic hydrogenation in the presence of 
platinum gives decane, C 10 H al . This shows that it is on open~ehai% 
compound containing three double bonds, 

(Hi) It forms an addition compound with maleic anhydride 
(Diels-Alder reaction). This indicates the presence of two conjugated 
double bonds in myrcene. This is further supported by the fact that 
xnyreene shows optical exaltation. 

(it?) Ozonolysis of myrtcne produces acetone, formaldehyde and 
a ketoaldehyde, C 5 H 8 O l# which on oxidation with chromic acid gives 
succinic acid and carbon dioxide. 

(v) These results can be explained by assigning the following 
Structur - to myrccnc : 

CH t 

H b C v II 

}C - GH—CHj - GH a —C—CH =CH a 
H S C^ 

Thus myreene is 7-mcthy 1.3-m ethylene-1, 6-octadiene. 

In terpenoid chemistry it has been customary to use conventional 
formulae wherein only lines arc used. Carbon atoms are situated at 
the junction of pairs of lines and at the ends. Double bonds are 
indicated by double lines. Thus myrccnc could be represented by 
the following skeleton drawn in a zig-zag fashion. 




It is, however, r common practice in terpenoid chemistry to 
draw these skeletons in the form of a ring (an open cyclohexane ring) 
"Hius myn enr < uuld be given any one of the following three conven¬ 
tional formulae 


T 



» II HI 

Out of these III ii the one that is now recommended for use. 

The products of ozonoly&is and oxidation of ketoaldehyde can 
be represented as follows : 
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Myrecenc Acoione Ketoaldehyde Succinic 

acid 

(in) This structure is supported by the fact that myreene flu 
hydration in presence of dilute sulphuric acid gives an alcohol which 
on oxidation gives citral Structure of citral is known and is in accord 
with this assigned structure of myreene. 

5. Geraniol, C j0 H 18 O. —Geraniol occurs in rose, lemon-grass, 
geranium, lavender and citronella oils. It is obtained from the cheap 
oil of palmrosa by treating with anhydrous calcium chloride and 
decomposing the crystalline addition product thus obtained with 
water. It may also be obtained by reduction of citral (corresponding 
aldehyde) with aluminium amalgam, but some nerol is also formed 
at the same time. Structural identity of gcraniol and ncrol is shown 
by the following facts : 

(») On catalytic hydrogenation both add two molecules of 
hydrogen and give the same saturated alcohol, Cx,H tI 0. 

(ti) On oxidation, both give the same oxidation products which 
give the position of double bonds also as 2 and 7. 

Hence geraniol and nerol are geometrical isomers. Cyclisation 
of nerol to a-terpincol by means of dilute sulphuric acid takes place 
about 9 rimes as fast as the cyclisation of geraniol. Based on this 
observation neiol has been assigned cis configuration whereas geraniol 
has been assigned trans configuration. Faster rate of cyclisation with 
nerol is due to the proximity of the alcoholic group to the carbon (*) 
which is involved in the ring formation. 



(Trans) 



Nerol 

(C*) 


Nerol is found in neroli oil, cyclamen oil and bergamot oil and 


is obtained From them. 


Properties. Both geraniol and nerol are colourless liquids 
having pleasant rose-like odour. Due to the presence of two double 
bonds and a primary alcoholic group they exhibit the reactions of 
a diolefin and a primary alcohol 




(♦) On oxidation geraniol gives citral which on further oxida- 
turn gives gtmnic acid. 



Geraniol Citral Geranic acia 


(w) Both geraniol and nerol react with dilute sulphuric acid 
to give a cyclic terpene—x-terpineol. This may be viewed as 
taking place by loss of a molecule of water resulting in ring closure 
followed by hydration of the side chain at the position of double 
bond. 

(in') Nerol readily loses water to form dipentene (a cyclic 
hydrocarbon). 



Nerol Dipentene or 

Limonene 

Constitution of Geraniol. (i) Molecular formula of geraniol 
as deduced from its analytical duta is C u H w O. 

;ii) It gives the reactions of a diolefin, e.g., on bromination 
it gives a tetrabromide and four hydrogen atoms are added during 
reduction. This shows the presence of two double bonds. 

(in') It exhibits the reactions of a primary alcohol, e.g., on 
oxidation it gives an aldehyde (citral-o) and on further oxidation 
gives an acid (geranic acid) containing the same number of carbon 
atoms. 

( w ) Arrangement of carbon atoms in its molecule is the same 
as in citral which it gives on oxidation. For structure of citral 
we page 2*856, 

(v) Hence structural formula of geraniol is : 



Geraoiol Citral-a 

(w) This explains the formation of a -terpineol by ring closure* 
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f. Gtaml, G u ii M 0.'—'Hus is the most important acyeiia 
terpenoid since die structures of most of the other mo no tcrpcnosds 
are bused on the structure of dtral. It occurs in oil of lemon- 
grass (70-80%) and oils of lime, lemon, citronella, etc. 

Extraction. It is obtained from lemon-gnus oil by fractional 
distillation under reduced pressure and purified by faming the 
bisulphite compound. The crystalline bisulphite compound is 
decomposed with sodium carbonate to get free dtral. 

Properties. Citral is a pale yellow oily liquid (b.p. 497-501K) 
with a pleasant odour of lemons. Chemical formula of dtral is 
CH, 

CH,. I C,H I1X 

>C=CH.CH t .CH I C=CH.CHO or >C=GH.CHO 

CH/ CH/ 

and its conventional formula is given below. The formula shows 



that it can exnibit geometric isomer sm. Two isomers of dtral ue : 



fgEj-C-CW, qH-C -CH, 

I M0 ll , 

H-C-CHO OHC-C—H OR 



traits- (or E-) form 
Citral-o (geranial) 
b.p. 391-392K/20 mm. 


c<j-(ot Z-) fans 
Citrsl-6 (mnQ 
b.p. 390-391K/20 am 


Citral-a or geranial is given when geraniol is oxidised whereas 
citral-ft or neral is produced when nerol is oxidised. Gommeicial 
citral is a mixture of citral-o (20%) and dtral-6 (10%). 

Some chemical reactions of dtral are : 


(0 Reduction. Citral on reduction with sodium 
and water gives geraniol. 



M 

Na/Hy +H 2 0 


* 



amalgam 


Citral 


Geraniol 
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(#) Oridadea On oxidation with silver oxide, it gives 
gerank add. 



co] rS 

A&0 L COOH 


Geranic acid 

(fiil Hydrolyaia. When heated with potassium carton Ue 
solution' dtral undergoes hydrolysis and yields 6-methyl -5-hepten- 
2-cme and acetaldehyde. During this reaction citral undergoes 
dcavage at tb- 0 , p double bond. This cleavage by alkaline reagents 
is a general reaction of *, p- unsaturaled oxo- compounds. 

• 1 

(^^ 


Ciual 

6 -Methy 1-5-hepten-’-one 


(k) O xidation with alk. KMnO, followed by chromic acid 
gives acetone, oxalic acid and laevulic acid. 




^0 COOH , 0 

' + WOH JL 


"COOH 
Laevulic acid 


Acetone 


(») Ozonolysis, On ozonolysb it gives acetone, lacvulalce- 
hyde and glyoxil. 



Citral 


LaevutoMeliyde Glyoxal Acetone 



terpenoids 

»<>k«uic of Wi>t> KHSO * cltral lose* a 

i 


hJl Aho 

X CH 

I 

,c. 


KHSOJHct 

—H,0 


CH, 

hg /C Nch 
1 

HC 


■*\c/ 
h 1 c /< ^ H \g 


H.G/ Nqh, 

Citra] j>MCOTnjin 

These reactions confirm the structure assigned to citnd 

ta r R 7 r t at ? itral “y be synthesised from B-mcthyl-S-hepten- 
Z-one by Reformauky reaction using Zn+ICH.COOEt, as foUowT 

I i 



+ Zn + ICH Z COOC 2 H 5 ■ 


S-Mothyl-5-hepten-2-cme 


I OZrrJ 


I 




C# salt + 
(BCOOhCa f 
' -015711. r 


k CNO 

A 


CStral 


As citral on reduction pines gertmiol, these very steps can be used 
ft* ike synthesis of geraniol. 

Uflet. It is widdy used as flavouring agent and in preparing 
synthetic perfumes, e.g , a- and ^-ionone. It is also employed for 
the manufacture of geraniol. 

GomtJtutfan of Citral. (a) Molecular formula of dtral as 
deduced from its analytical data is CjoH^O. 



It gives the typical reactions of 


(0 It gives bisulphite compound and an oxime. 

-j* OJ “dation with silver oxide it gives geranic add, an 

acid with same number of carbon atoms as dtral, 

Positions of me&hyl and isopropyl groups. On heating with 
hydrogen sulphate, doral forms p-cymenc (II), jMnethyl- 
From this Semmler concluded that dtm worn 
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eule was acyclic and assigned it the structure (I), having twoisoprene 
unit* joined head to tail. 


KHSQa 



MEAT 



(A Pretence of two double bonda. On ozonolysis it gives acetone, 
busvulaldehyde and glyoxal, the chain breaks at two points. 
This suggests the presence of two double bonds. 


(•) Location of two double bonds. The carbon atoms in the 
molecule arc arranged as in the above three products and with— CHO 
>atone end. 


CBL 

"j>C=0 + OHCCH^CH, 
CHf' Acetone Lacvulaldehyde 

Hence the skeleton is 


CH.1 

l,<Lo + OHC.CHO 

Glyoxal 


l 

£>e—o-c-c—c- 


CHO 


l 

a 

A 


(J) Structural formulae From (hit wc can write the structural 

uXa< “ 


formula of dtral as 


CH$ 

Clf| 


^ >C=CH — CH? — CHt — 



CHO 


(g) Farther tupport. The structural formula assigned to citrsl 
as given above unsupported by the following two reactions of dtral : 

(A OaHdtioa Chddatian of dtral with alkaline pe rtn i n gn n ata 
fcBossed by cfaronric add. given acetone, oxalic add and liuvube 



TERPENOIDS 


31*3 

acid- Formation of these oxidation products is in accordance with 
tile assigned structural formula of citral. 



Citral Laevulic Oxalic Acteone 

acid acid 

(m) Hydrolysis* Structure assigned to citral is further support 
ed by its hydrolysis with aqueous potassium carbonate. Products of 
hydrolysis are acetaldehyde and 6-mcthyl-5-hepten-2-one which itself 
on oxidation gives acetone and laevulic add. This is in accord with 
the assigned structural formula of citral. 



CITRAL 6-Mefhyl-5-hepten-2-one 



Laevulic acid Acetone 

(h) Final m conJirmatton. The structure of citral was finally con¬ 
firmed by the synthesis of metliylheptenone given below and its 
conversion mto^citral as given on page 3 181. 


H,r uH 
ij-atawMO- 


,* +NaCH(COCH<\ - 

sodio-acetylace tone 


(jHiCOCHfo 

9** 
C—Br 
UjC'' ciu 


No OH 



6-Methyl-i-hepleu- 

2 -on* 


CiTfUL 
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I40WCYCL1C MONOTERPENOIDS 

7. Nomenclature, -For purpose* of nomenclature of the 
monocyclic monoterpenoids p-men thane (p-methylisopropyl cyclo¬ 
hexane or hcxahyaro-p<yamciie)v 0 l9 H M is used as die parent 
kydrocmibon. 

(I) is the structural formula of p-menthane whereas (II) is the 
eenveimonal method for drawing the same. 

Various carbon atoms in p-menthane are numbered as given 
below and the positions of substituents and double bonds in its 
derivatives are indicated by numbers. 



(I) (U) 

When a derivative of p-menthane contains one or more double 

_|g f sometimes ambiguity may arise regarding the exact position of 

the double bond. To prevent it, in addition to a number which locates 
the first carbon joined to the double bond, the second carbon atom 
joined to the double bond is also shown, but it is placed in 
parentheses. For example, 



1 , * ( 8 ) 

2-p-Menthene J(7)p-Menthene J(2)-/>-inenthcne p-Menthadiene 
(1) (2) (3) (4) 

There could be no ambiguity regarding the position of double 
bond in 2-p-menthene [Formula (1)], so the second carbon atom 
joined to the double bond need not be given. 

In (2), (3) and (4) such ambiguity is possible hence showing 
«f second carbon atom joined to the double bond in each case is 

8, Menthol, (3-p-menthaaol) G u H,|OH.-~Menthane is a 
synthetic compound (b.p. 443K). It does not occur in nature but its 
alcohol (menthol) is the chief constituent of oil of peppermint. 

Preparation. (•*) Menthol, being the chief constituent of oil 
«f peppenmnt, is prepared from it by crystallization on ample cooling. 
Qryitab are separated by preaung and purified by jwsj * 
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{U} It if also prepared by catalytic hydrogenation of thymol. 



Thymol Menthol 

Properaci. Menthol forma colourless, volatile prismatic 
crystals (m.p. 318K and b.p. 4B5K) having strong peppermint odour 
and a cooling taste. It is optically active due to the presence of 
three asymmetric carbon atoms (1, 3 and 4) and exists in 8 
isomeric forms. Naturally-occurring isomer is (—)-menthol. Synthetic 
menthol is a (+)-mixture. 

Chemically it behaves as an alicyclic secondary alcohol as 
illustrated by its reactions given below : 

(a) Oxidation. It is oxidised by chromic add-sulphuric add 
mixture to give menthone, the corresponding ketone (property of 
secondary alcohol ). 



Mcnthane Menthol Menthone 

(ft) Reduction. It gives mcnthane when reduced with hydr- 
iodlc add as shown above. 

(Ift) Dehydration. Menthol loses a molecule of water when 
heated with potassium hydrogen sulphate and yields 3-Menthene. 



Menthol 3-Menthene 

Urn. (») As an antiseptic in ointments, nasal sprays and 
gaigles. 

(ft) Due to the cooling effect it produces on the skill, it relieves 
headache. 

(jft) In medicine and pharmaceuticals. 

(ft?) Ia perfume industry (for tooth-pastes and tooth-powders). 
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9. IJaaiwat , /, S C„H U 

Limonene is a very widely-diitrib uted terpenoid. It hu an 
asymmetric carbon atom (shown by G) and is, therefore, optically 
active. (-f-)-Limonene is the principal terpene in lemon, orange, 
bergamot, caraway and celery oils. (— )-Limonene is obtained from 
the needles of the Douglas fir. The inactive ( + }-mixture, called 
dipen t ene, occurs in lemon-grass oil and turpentine oil. 

Preparation. (i) Prom Essential Oils. (+)-Limonene is ob- 
tained from orange. Dipentenr is extracted from terpentine oil 

(*») By dehydration of a-Urpined with KH80 t . 



■-Terpincol Limonene 

(lit) By heating isoprene to 555K {Diel^Alder 1 ; 4-addUion 
ucction ). 



ltoprene Limonene 

(2 molecules) 

Properties. Limonene is a' pleasant-smelling liquid with 
citrus-like odour (b.p. 450K). It is insoluble in water. Chemically 
it gives the reactions of a diolefin. For example, 

(i) It forms addition products with hydrogen to give 
p.mcnthane and bromine to give crystalline tetrabromide. 



p Menthane Limonene Limonene tetrabromide 

(fj) it gives an addition product with two molecules of halogen 

acids. 
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• >« Addition product 

(m; With dilute sulphuric acid it gives a-terpineol and terpin 
hydrate • 



Limonenc ■-Tcrpincol Terpin 

(tv) With concentrated sulphuric acid it poJymrri/t*s 
Use*, (i) (+) -Limonene is used as flavouring agent in beve¬ 
rages and foods. 

(it) Di pent erne is used in medicine and in making synthetic 
resin? and high pressure lubricating oil additives. It is also used 
in the synthesis of isoprene, p-cymene and p-menthane 

Constitution of Limonene (t) Molecular formula of limonene, 
deduced from its analytical data, is 

(it) Presence of two double bonds in it is indicated by the 
additionof 4 bromine atoms to give the tetrabromide. 

(sit) Structure of carbon framework is the same as in menihane 
which it gives on catalytic hydrogenation. 

(iv) Position of the two double bonds in the above framework 
follows from its formation when a-terpineol (1-menthene-8-ol)is 
heated with KHSO, and its conversion to a-tcrpincol by shaking 
with dil. H f S0 4 . One double bond was already present in a-terpi- 
neol between carbon atoms 1 and 2 and another came into existence 
due to loss of water between carbon atoms 8 and 9 or between carbon 
atoms 4 and ft 




■-Terpineo 1 


(I) 


III) 


* Tffpio (* ftm*J) it CifHii (OHK and terpin hydrate {crystalline co n* 

~ which gHw i 


PMNDisCiili, 
Haa readilv, 
TOC—IIW83-12 


i up the molecule of water of crvstelltza- 
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Thm carbon skeleton tnd pojJlion of one double bond are 
fakown. Position of the aaoood double bond it uncertain and it 
might have structure I or II. 

( 9 ) Proof# position 8 (9). 

(а) Structure I contains one chiral carbon atom (CJ and 
bonce exhibits optica] activity. Structure n is symmetrica] and 
ca m tot, therefore, be optically active. Limonene being optically 
active, formula II is ruled out. Hence formula I must be the 
•tnicturaJ formula of limonene. 

(б) Chemical Proof for position 8(9). Chemical proof for 
position 8(9} is afforded by the following reactions : 

NOC1 K.OH 

Limonene ——-*■ Limonene nitrosochloride- - Carvoxime 

(1) (III) EtOH (IV) 

Structure of carvoxime is known ana u has> double bond in 
posnion 8(9). It, therefore, follows that limonene must have the 
structure 1 with double bond in position 8(9). Thus the above 
reaction may be written as follows : 



(w) Hence limonene is 1, 8(9)-menthadinte, structure (I) given 
above. 

B1CYCL1C MONOTERPENOIDS 


10. Introduction. —The bicydic monoterpenoids are hydro¬ 
carbons containing two rings and one double bond and their deriva¬ 
tives. One of the rings is always a six-member ring while second 
ring may be a 3-, 4- or 5-member ring. Thus there are three 
classes of bicydic terpenoids according to the size of the second ring- 
11. a-Phaene (LB,,. It makes the bulk of turpentine oil 
and is the mast widely distributed of all natural terpenoids. It is 
also found in eucalyptus oil. 

(t) It is an optically active liquid (b.p. 429K). 



Men thane PfaSM sMbw 

< Mooocyt-Ue urptnokl) (farm kydroearbom) (MkpMe terpenoid) 

(tf.Casutiiis ibm oa peas 3*114) 



4* added by drop H a mixture «f fuming nitric add sod 
cMcauttaMd fu^froric swift euMeHw Droducm a o*a 

la air k takes a mokeale of oxygen Arming (yy^, a 
vafaaumee of the nature of peroxide whidi readily supplies an Mom 
of oxygen and hence oxidise* other substances. For example, meak 
one acid is oxidised to arsenic add and indigo is decolorised 

(m) Qn passing dry hydrogen chloride through turpentine oil, 
the product is a compound of pinene and hydrogen chloride, 
GpHirQ which resembles camphor in appearance as well as odour, 
and is on this account wrongly called artificial camphor. Synthetic 
camphor is, however, a different compound. 

(2) Turpentine oil. It is obtained from coniferous trees by 
removing the bark from a small area of the tree trunk and making 
an Incision in it. The resinous mass that oozes out is called turpen- 
fint. This is steam-distilled. The distillate obtained is called 
oil of turpentine and the residue left in the still is called colophony. 

Oil of turpentine is used medicinally and in making paints 
and varnishes. 

(3) Camphor, C^HnO. Camphor is prepared by distilling 
the wood and leaves of camphor laurel with steam. It is related So 
bicyclic terpene. 



■•Pinene Csmphane Camphor 

(BieyeUc terpene) (Parent hydrocarbon) 

Commercial Preparation of Camphor. Synthetic camphor 
is obtained from a-pinene fas the starting material. Various steps 
involved in the conversion'are given below : 


?• r r- 

H.C 1—CM \^CHOOCOt 

H- cM i ^ H \ cHi T H i CJh ^ ini* 

«*pineoc Camphene Isobornyl acetate 


H * c \l s CH ' 

Isobornyl acetate 


'CHOH co] H*C 


^CHfC-Wsl ^ \cH r C-CH s \ 


isotoomcaol 


UlDDWI 
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Camphor u a crystalline solid (m.p. 482K ; b.p. 448K) which 
oryttallizcf In gHudii^g priaou tuivifif a strong cha^Actdiaic odour. 
It sublimes at ordinary temperature. Natural camphor is optically 
active (dextro-rotatory) having specific rotation» +4P. 

Chemically it shows the properties of a ketone. For example, 
it forms an oxime and yields a secondary alcohol (bonwoQ on reduc¬ 
tion with sodium and alcohol 

Oxidation of camphor with nitric add gives camphor ic add, 
CuH<iO ( . Camphoric add (or camphor) with nitric acid rives 
•uapfaendc add, C^H tl O,. 



£ 


HNO, 


Hf | POOH 
|£Hr-P-CH, 

,-COOH 
Cti 


Hii\ 


CAMPHOR 


CAMPHORIC AGO 



cam phoR ome ACC 


Camphor is used as a moth rcpdlant, as a preservative in 
cosmetics, in medicine and as a plasticiser in the manufacture of 
celluloid, smokeless powder, and photographic films. 


Synthesis of Camphor from camphoric acid. 


HfC-QCHd.COOH 

I Ach,), 

H,C-CH.COOH 

Camphoric acid 


—H«0 


HfC-QCHj)—CO 

j i(CH,), 

H,C-CH-CO 

Otophone anhydride 


N «/H« 


H,C-C(CH,)-CO 

I I V K.CN 

CCCH,), O-* 

1 1 / 

H*C-CH-CH, 

Campholide 

(lactone) 


H,C-C(CH t )—COOH 

I C(CH,), 


H,(!-CH-CK.CN 

Nitrile of Homo- 
camphoric acid 


CH| 

I 

HfC C(CHs)~ COOH HfC-C-CO 

H*0 I I Ca sail I I I 

| QCH,), -> C(CHs)« | 

I : Heat | I I 

HfC CH-CHa.COOH HfC-CH-CH, 

Homocamphoric add Camphor 

QUESTIONS 

Easy Type: 


1. What are terpenoids ? How are they classified 7 How are these extrac¬ 
ted 7 Write a short note on their chemical nature. 

2. (a) What are terpenoids 7 How arc they classified ? 
it) H pw is the structure of citral established 7 

[Delhi B.Sc. Hons. I960, 79, 76, 72) 
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$* What arc the important sources of gemniol ? Discuss Us structure. 
HowbasU beta synthesised? (Bamtras B.Sc. 197?) 

4. (o) Describe the preparation, properties a»d uses of menthol or 


(4) Discuss the constitution of timonene. 

5. Discuss the oxidative degradation of camphor, indicate the products 
bf their structural formulae. Give the synthesis of (r) n imphoroaic add, and 
(«) Qunphor from camphoric acid. Show how would y )u convert pinene into 
camphor. 

4. How is the structure of dipentene established ? Write a note on 
lioprene rule. [Delhi B.Sc. Hons . 1980 , 75, 73 ; Mysore B.Sc. 1973) 


7. Give one synthesis of methyl he ptenone. Starting from methyl* 
beptenone outline the synthesis of citral using Reformalsky reaction. 

{Delhi B.Sc . Hons. 1974 1 

S. (a) Discuss the analytical evidence on the basis of which the structure 
of aipha-pinene has been established. 

(b) How is aipha-pinene converted into camphor ? Mention the important 
uses of camphor. (Bombay BSc. 1974) 


Short Answer Type : 

1. What do you understand by the term ‘terpenoids’ ? 

[Mysore B.Sc. 1972 ) 

2. What are essential oils and why are they so called 7 

(Delhi B.Sc. Hons. 1973 ) 

3. Give the isolation and uses of any one important essential oil. 

(Delhi B.Sc. Hons. 1975) 

4. How are terpenoids classified 7 (Bombay B.Sc. 1972) 

5. How do you differentiate between geraaiol and nerol ? 

(Bombay B.Sc. 1972 ) 

6. How will you prove the following : 

(/) x-pinene contains a six-member ling. 

(ff) Dipentene contains ono double bond outside the ring. 

(lit) Citral is an unsaturated aldehyde. 

(iv) Camphor is a cyclic ketone. [Bombay B.Sc . 1972) 

7. Justify with the help of chemical reactions and notes, the validity of 
the following statements : 

(0 Camphor is a bicyclic monoterpenoid. 

(i*) s-pinene contains a cyclobutane ring. 

( Iff) a-terpinool has a tertiary alcoholic group and'dipentene has ethylenic 
bonds in positions 1 and 8. I Bombay B.Sc. 1971) 

B. How is 4-keta-hexahydrob5CiBjic acid converted into dipantene ? 

(Delhi B.Sc. Hons. 1979 ) 

9. (a) How is citrat synthetically obtained from isopren© 7 
( b) What happens when— 

(i) citral is heated with sodium carbonate 7 

(//) geraniol and nerol are subjected to mild nxidaiion 7 

(Oelni B Sc. Hons. 1978) 
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Biochemistry 

x. Living System*.—The molecules which form the basis 
of our life are more complex than the organic molecules studied 
earlier. These are called biomolecules which in turn combine and 
form the living beings. 

Independent performance of functions of lift is characteristic 
of living being. Living creatures need energy to perform these 
basic functions. Energy is drawn from environments as plants do 
from sunlight or from raw materials called nutrients. Nutrients 
consist of water, inorganic mineral salts, complex organic subs¬ 
tances called vitamins and basic foods like fats, carbohydrates 
and proteins. The energy releasing reactions are carried out at 
body temperature of living organism and at atmospheric pressure, 
pH remaining around 7 * 0 . After extracting energy the processed 
substances are discarded as waste in various forms from the body. 
Thus every living system represents a steady state and can adapt 
Itself to the natural environments. 

a, Biomolecules —These are complex lifeless organic 
substances which combine in specific manner to produce life. 
These are amino acids, fats, carbohydrates, proteins, etc. A living 
organism may not be able toperfoim basic functions of life with¬ 
out many simple substances like water, inorganic salts and 
vitamins. Water may be as high as 20 to 90 per cent body weight. 
Important biomolecules are discussed in the succeeding paragraphs. 

3 . Carbohydrates.—Glucose, fructose, cane-sugar, starch 
and cellulose were all considered to be as hydrates of carbon and 
were, therefore, named as Carbohydrates. These have been 
discussed at length in Chapter 49 . 

Importance of Carbohydrates for the Living Systems.— 
Starch and sugars get hydrolysed to glucose by enzymes present 
in the various juices secreted by different organs in the human 
and animal digestive systems. Glucose so produced is transported 
from cell to cell by the blood. Slow combustion of glucose by a 
series of steps provides energy necessary for functioning of the 
living body and doing day's work. In plants glucose is carried from 
cell to ceil by sap. 

C*H la O e + 60*——>6C0 2 + 6H t O + 2,832 kj. 

The body stores a part of carbohydrates for the rainy day in 
liver as glycogen called animal starch. In case of emergency like 
fasting or illness, glycogen hydrolyses to glucose and thus supplies 
the necessary energy. 

No other food will act so quickly as sugar to supply energy 
when you feel exhausted. It is speedily digested, assim lated and 
converted into the requisite fuel. 

3*192 
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Different enzymes are required for hydrolysis of cellulose* 
These are absent in the human tody but present in the digestive 
system of various grazing animals which can, therefore, use cellu- 
lose of grass and plants as food. 

4 . Lipids,—Pats and oils along with their derivatives 
occurring in living systems belong to a class of substances called 
lipids. These are sparingly soluble in water but highly soluble 
in organic solvents. 

Fats and Oils. Fats and oils are glyceryl esters of different 
higher fatty acids. Glycerides of unsaturated fatty acidB like oleic 
acid (C| 7 H ai COOH) are termed unsaturated fats. Similarly 
glycerides of saturated fatty acids like stearic acid (CjjH^COOH) 
and palmitic acid (CuH^COOH) are called saturated tats. These 
are excellent fuels. Fats protect delicate tissues and some of them 
are important sources of necessary vitamins. Animals fed on fat, 
free diet over an extended period were found to suffer from skin 
eruptions. Important sources of fats and oils are meat, dairy 
products, eggs and nuts. Cottonseed oil and olive oil are whole- 
Borne fats. 

Place of fats and oils in our diet received a great deal of 
attention in early sixties because of the possible role of saturated 
fats in arterial diseases. Fats constitute a concentrated storehouse 
of energy for animals. For instance, in humans the total carbohy¬ 
drate stored in the liver as glycogen is just enough to keep the 
body going for about fifteen houffs. Enough fats can, however, be 
stored in the body to keep it going for months. In contrast to 
animals, plants store their energy mainly in the form of starch 
(a carbohydrate). Fats present in th? tissues of animals serve as 
shock-absorbing pads and heat insulators. Fats may also be the 
components of cell membrane. 


Phospholipids. These are mixed glycerides of higher fatty 
fccids and phosphoric acid in which two OH groups of glycerol are 
tatetified by fatty acids and third by some derivative of phosphoric 
kcid. Lecithin is an example of phospholipid. These are usually 
present in cell membrane. 


CH a OOCR 

<4hoocr 

I /OX 

CH, 0 -P< 

II X OH 

o 

Phospholipid 
(X*-an ami no alcohol) 


CH,O0CC li H iI 

CHOOCC 1 ( H„ 

1 0 

I U 

CH, 0 —P—OCH a CH,NH|+ 

i- 

Lecithin 


Waxes. Waxes are also included in the list of lipids. These 
aie also esters of higher fatty acids. They, however, differ from oils 
■nd'fats which are glycerides of higher fatty acids, in being esters 
of higher homolcguesofmonohydric alcohols (See page 2'291). 
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Carotenoid*. It is another group of lipids which are polymers 

CH a 

of the hydrocarbon isoprene. CHi^CH—dl^CHi. These are oil* 
soluble pigments which are responsible for producing red, yellow, 
•range and brown colours in various plant and animal materials, 
ce.f., tomatoes, carrots, pumpkins, egg-yolk, milk, butter, etc. 
0 -Carotene (C 40 H 5 b) is an important member of carotenoid family 
and occurs in carrots and green leaves. Another group of com* 
pounds called Xanthophylls is also included in carotenoids. 

5 . Vitamins.—In addition to the nutrients given above 
certain organic substances required for regulating some of the body 
processes and preventing certain diseases arc called vitamins. 
Vitamins are organic compounds which cannot be synthesised by 
an organism. These are, therefore, an essential constituent of 
food for continued health and deficiency of any one of these in 
food causes one disease or the other. Several of these vitamins 
are known and are designated as vitamins A, B, C, D, E and so on. 
Many of these are now synthesised on a commercial scale and 
administered by doctors to their patients. 

Different Vitamins and their Importance. Some important 
vitamins are : 


(i) Vitamin A, C u H u OH. Chemically it is a derivative of 



Vitamin-A (C, # H BI OH) 


B-carotene. It is a fat soluble vitamin which is not readily destroyed 
by cooking. It promotes growth in children and protects the body' 
against certain germ diseases. Deficiency of this vitamin results 
in “night blindness ’ 9 or other eye troubles, e g., xero-phthalmia in 
which corners of the eye become opaque. Another deficiency 
disease observed is drying of skin termed xerosis. Milk, butter', 
cream, cheese, eggs, liver, vegetables and fruits constitute impor¬ 
tant sources of vitamin A. 


(ii) Vitamin B Complex. It has now been found to be a mix¬ 
ture of a number of water soluble vitamins named as vitamins Bi, 
Bi» Bi and Bi*. These are not readily destroyed by cooking in the 
absence of baking soda. They help to regulate the nervous system. 

Lack of these vitamins causes beriberi, skin eruptions, loss of 
appetite, nervous disorders and pellagra. Milk, butter, whole 
grain, eggs, meat, green vegetables and brewer’s yeast are good 
sources of vitamin B complex. Liver and kidneys also constitute s 
valuable source of these. 
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Vitamin B t in chemically thiamine. It ia present in milk* 
green vegetables and rice polishings. Its deficiency causes beriberi 
and loss of appetite. 




/ s > 

_ 


-ch 2 ch?oh 




Vitamin B t 

Vitamin B, is chemically riboflavin present in milk, green 
vegetables and rice polishings. Its deficiency causes skin disorders 
and sore tongue. 


H 3 C 

h 3 c 


a 


CH 2 — CHOH—CKOH—CHOH —CHjOH 

N ^Sf=0 

Tf 

o 


Vitamin Eg 

Vitamin B« is a mixture of three different compounds (closely 
similar ones)—pyridoxal (Y—CHO), pyridoxine (Y—CH.OH) and 
pyridoxamine (Y—CHtNrI,) where Y ia the constituent CfH B N. 



These are present in cereal grains. Prolonged deficiency of 
vitamin B t causes convulsions and nervous disorders. 

Vitamin Bit iB a cyanocobalamin. Its molecule has a complex 
Structure with a cobalt atom coordinated to four nitrogen atoms. 
It ocurs only in animals and micro-organisms. Its deficiency 
causes pernicious anaemia. 

(tit) Vitamin C (ascorbic acid), CtH*0* 
bo — homo —=o 

BO —As*0—OH 

Vitamin C i/Vaeorbic acid) 

It is a water soluble vitamin present in tomatoes, leafy 
vegetables, green peppers, citrus fruits (lemons, oranges, etc.), 
anus and papita. A deficiency of vitamin C causes structural 
defects of teeth and scurvy. 
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Vitamin C gets destroyed in contact with air and in alkaline 
media. Hence cooking of vegetables in open vessels or fas presence 
of baking soda is not desirable. 

(iv) Vitamin D (sunshine vitamin). It is again a complex con¬ 
taining at least four different compounds designated as D u D§, D tl 
D|, etc. Ultraviolet rays from the sun change ergosterol, present 
In human skin, into vitamin Da (hence the name sunshine vitamin) 
Other known vitamins of this group are D§, D§ and D f . A 
deficiency in this vitamin results in rickets, bending of legs like 
bows and poor formation of teeth. It is present in fish liver oil, 
milk and eggs. 



(v) Vitamin E. Vitamin E refers to a group’lof^closely 
related compounds collectively called tocopherolj. These are 
designated as Y“» Mocopherol, etc. a-Tocopherol is most 

active biologically (twice as active as p- or y~ tocopherol). 
a-Tocopberol, C^H^O, has the structure 


HO 


< 50 * 

CHg 




'CHtJj— CH — (CH 2 )— CH — (CHi) : 


<?H 9 (W 3 

CH — (CHi)i——CHi 


■•Tocopherol 

It ia a fat-aoluble vitamin stable towards beat, preaent in animal 
and vegetable oils, whole wheat, milk, eggs and meat. Deficiency 
in this seems to result in sterility (loss of sexual power). 


(vi) Vitamin K. It consists of two compounds designated 
as Vitamin Ki and K a . Vitamin Ki is more important of the two 
and has the structure 



IT CHg CHg CHs 

CHt-CHsaC«3k) f — CHfCWi),— WCHi )g — 


Vitamin K, 


it is present in leafy vegetables. Coagulating property of 
blood is due to the pretence of vitamin K. 
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li. Enzymes.—Various reactions going on in biological 
systems are in many respects similar to ordinary reactions carried 
out by an organic chemist in a test tube. One significant difference 
LfCtwaen the taro, however, is that the former takes place one 
hundred to one million times faster than the latter. Further these 
reactions occur at the body temperature (~ 3 io K) and in the 
physiological pH ranjgc (^ 7 ). Catalysts employed by the cell to 
carry out these reactions are called enzymes. 

Enzymes are complex organic catalysts produced by living 
cells. An enzyme is termed intracellular when it operates within 
the cell which produces it. It is designated extracellular when 
the site of its activity is outside the cell which produces it as in 
the case of gastric juices. The substance on which an enzyme acts 
if termed its substrate. 

Enzymes are commonly named by adding the suffix -ase to 
the root of the name of the substrate or sometimes the products. 
For example, the enzyme acting on urea is termed urease and that 
acting on Bucrose is named sucrose. Sucraae is also named 
invertase because the product in this case is invert sugar (a 
mixture of glucose and fructose). Some older names such as 
ptyalin, pepsin, trypsin and renin have been retained. 

All enzymes are proteins. Some enzymes like pepsin and 
trypsin are simple proteins since their molecules are built entirely 
of amino acid units. Some protein molecules, however, contain 
a non-peptide part called a prosthetic group. Such proteins are 
known as conjugated proteins. For example, in haemoglobin the 
peptide part is globin and the non-peptide part (prosthetic group) 
Is hemin . The two arc held together by an amide linkage between 
GOOH group of hemin and an NH, group of globin. 

Many enzymes are conjugated proteins and thus contain 
prosthetic groups. The prosthetic group may be a metal or 
an organic group (a B-vitamin usually) or an organic group which 
includes a metal atom. For example, hemin in haemoglobin 
Includes an iron atom. 

The conjugated protein as 1 while is termed holoenzyme . 
Its peptide part is known as apoenzyme . The non-peptide part is 
called coenzyme when it is a B-vitamin. It is termed cofactor 
when it is a metal. Thus we can express their mutual relation as 
follows: 

Holoenzy me**Apoenzy me+Coenzyme 
or Conjugated protein enzymev^Peptide part+Prosthetic group 

Apoenzyme is sensitive towards heat in comparison to the 
coenzyme which is stable towards heat. Both these parts are, 
however, essential for the active functioning of the enzyme. 

In most of the coenzymes the heterocyclic base of the 
nucleotide is substituted by another unit which is usually a deri¬ 
vative of some particular B-vitamin In some coenzymes tin re is 
no nucleotide attached. 
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All the water soluble B-vitamins are essential for the proper 
functioning of the body and must, therefore, be present m the 
diet we take. Undoubtedly the need for these substances is due 
to their function as prosthetic groups. 

Two examples of cocnzymes aie : 




OH 


on 


Vitamin B, (Thiamine) Pyrophosphate part 

Thiamine pyrophoaphale (TPP) 

(a coenzyme) 



OH 


Pyridoxale (Vitamin B g ) Phosphate half 
Pyridoxal phoaphate ( a coenzyme) 

Mode of Enzyme Action. It is believed that a reaction 
catalysed by an enzyme occurs in two steps. In the first step a 
molecule of the enzyme (E) collides with a molecule of the 
substrate (S) to form an intermediate compound (E—5) which is 
termed enzyme- substrate complex. This step is a reversible 
one. In the second step the substrate in the complex changes 
into products (P) which then leave the surface of the enzyme. 

(i) S+E**E-S 

(ii) E—S-*P+E 

The formation of enzyme-substrate complex occurs at a 
specific location on the surface of the enzyme. The section of the 
enzyme surface which combines with the substrate to form E —S 
complex and at which the transformation of the substrate to products 
occurs is termed the active site of the enzyme . 

The conformations of the active site and the substrate are 
complementary due to which one fitB into the other as a key fits 
into a lock. The lock and key theory explains the specificity of 
enzyme. Each enzyme catalyses only a particular reaction and 
not any and every reaction. 
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(«) (b) (c) 


F*8- 5 4' I —A srhematic lepreientation of the lock and kty theory of 
enzyme action, (a) The active aite on the enzyme and the substrate have 
complementary structures, and, thereiure, fit together like a key fitting in a 
lock forming an E—S complex, (b) Catalytic reaction occurs while the 
enzyme and substrate are bonded together in the E—S complex, (c) Products 
of the teaction leave the surface oi enzyme which is now free to combine with 
anothi r substrate molecule as in (a). 

Factors influencing Enzyme Activity. Various factors 
which influence enzyme activity are : 

(a) Concentration of substrate. The rate of enzymic reaction 
increases with increase in concentration of the substrate until a 
limiting rate is reached and further increase in concentration 
of substrate does not alter the rate of reaction. 

At lower concentration formation of E —S complex is the 
rate determining step while at higher concentrations dissociation 
of E—S complex is the rate determining step. 

(b) Concentration of Enzyme . Kate of reaction increases as 
the concentration of enzyme increases. 

(c) Temperature . For every enzyme there is an optimum 
temperature at which its activity is maximum, 

(d) Hydrogen Ion Concentration. Enzymes being proteins 
are sensitive to changes in pH of their environments. Very high 
or very low values of pH can cause denaturation of proteins. 
Narrow pH range over which an enzyme will exhibit maximum 
activity is termed optimum pH. In this range the E—S complex 
exists in its proper charged form. For most body fluids the 
optimum pH lies between 6 and 8. Gastric juice being acidic is 
a notable exception. 

Enzyme Inhibition. Any physical change or a chemical 
reagent that denatures protein will inhibit (decrease) the rate of 
enzymic reaction. Temperature and changes in pH inhibit enzyme, 
activity in general. ThU type nf inhibition is referred to as 
non-specific inhibition. 

Most poisons which inhibit tht activity of only specific 
enzymes are termed specific inhibitors. These are of the 
following three types : 
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W Competitive Inhibitor. When there is t close structural 
resemblance between a certain substance (inhibitor) end a parti, 
eular substrate, the two compete with each other for the active 
site on the substrate. The inhibitor, which does not undergo any 
transformation, remains bound to the enzyme and prevents the 
substrate molecules from approaching the active sites. This kind 
of inhibitor is called a competitive inhibitor. 

Degree of competitive inhibition depends on the relative 
concentrations of substrate and inhibitor. At relatively higher 
concentration of inhibitor, it will block all active sites on the 
enzymesurface resulting in complete inhibition. The formation 
of inhibitor-enzyme complex being reversible, in presence of 
relatively higher substrate concentration, the inhibitor molecules 
ate completely displaced from active sites and the inhibition is 
thus reversed. 


The inhibition of the enzyme activity of succinic acid 
dehydrogenase by malonic acid (which resembles succinic acid 
in configuration) is a classical example of competitive inhibition. 

(b) Non-competitive Inhibitor. It is a substance uibicb 
forms strong covalent bonds with an enzyme. It cannot be displaced 
from the surface of the enzyme by adding excess of the substrate, 
i.e., inhibition caused by this ia irreversible. Some molecules of 
the inhibitor bind the enzyme at the active sites and thus prevent 
the substrate molecules from binding there. Some other molecule* 
of the inhibitor bind the enzyme at points away from active sites 
and while doing so, they change the three-dimensional conforma¬ 
tion of the active sites on the enzyme. As a result of this change 
substrate molecules can no more bind to these active sites. 


(c) End-product Inhibition. In a biosynthetic pathway 
of the following type 


Et % 

A-»B->C 

f Inhibits 



Ej, E), Es. are the enzymes catalysing various steps given above. 
The final product D is found to inhibit the enzyme E lt i.*., forma¬ 
tion of B from A is inhibited. As a consequence the whole 
pathway ia inhibited. This type of inhibition ia termed end- 
product inhibition. • 

In all cases of such inhibition it has been shown that there 
are taro distinct binding sites on the enzyme. One of t hes e jt for 
binding the substrate and the other for binding the inhibitory end 
product. The Utter active site it known as allosteric site. When 
the inhibitory end-product binds to the alloateric site, there is a 
fb* 1 *!* in three-dim e n ai onal conformation of the enzyme. As a 
watt the active site gets distorted and ia rendered non-functional. 
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ACTIVE ENZYME inactive enzyme 




Pi I- 54'*—Schematic representation of end-product inhibition caused 
by change in structural conformation preventing binding of substrate 
.at the distorted substrate binding site. 


7 , Tetrapyrroles or Porphyrins.—Green colouring matter 
or leaves is chlorophyll and red colouring matter of blood is termed 
heme which is part of haemoglobin responsible for carrying oxygen 
in blood. Cotchrome is an important compound present in the 



Heme 
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Etch one of these biochemically important 


IVBpuatUljr V <#• 1/IWVMVUIM.HUJF WUI 

/ CH«CH V \ 

compounds is made up of four pyrrole units I ^ ^^)NH J 

linked by four methine bridges (—CH-*). These biomolecules are, 
therefore, collectively known as tetrapyrroles or porphyrins. 

Basic p:>iphyrin system and structures of chlorophyll 
and that of heme are given on page. 3.201 


S. Hormones. —Hormones are secretions of endocrine 
(ductless) glands. These secretions are p >ured into blood as it 
passes through these glands. They have a regulatory influence 
on the chemical processes taking place in the body. Hormonal 
imbalance may result in metabolic distuibances like diabetes, 
goit rp - ft may result in growth alteration as in acromegaly 
(giantism). An imbalance in sexual hormones may result in 
malformation of sex organs. Pituitary is the master endocrine 
gland whose secretions (hormones) control the functioning of all 
other endocrine glands in the body. Adrenaline was the first 
hormone isolated and also the first hormone synthesised in the 
laboratory. Some important hormones present in the human body 
and their functions are summarized in the following Table : 

Table 5 41—Some Important Hormones 


Hormone 


I 


Endocrine 


gland 



Its functions 


1, Adrenaline 
(Epinephrine) 


Adrenal medulla 


Maintenance of blood pressure; 
release of glucose from glycogen ; 
release of fatty acids from fats. 


». Cartiaone 


Adrenal cortex 


Regulation of metabolism of fats v 
proteins, carbohydrates, mineral salts 
and water. 


3. Testosterone 

4 . Estrone and 
Estradiol 

5. Insulin 

6 . Pituitary' 
hormones 

7 . Thyroxine 

8. Parsthyrimin 


Testis 


Ovary 


1 Pancreas 
J Pituitary gland 


Thyroid gland 


} Para-thyroid 
1 gland 


Regulates normal functioning of 
sex organs in males. 

Regulates normal functioning of 
sex organs in females. 

Regulates metabolism of glucose. 

Stimulation and control of func¬ 
tioning of all other endocrine glands 
in the body. 

Controls the various catabolic 
processes in the body involving burn¬ 
ing of* fats, proteins and carbohyd¬ 
rates to liberate energy. 

Controls the oricium and phos¬ 
phorus metabolism in the body. 
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Structures of acute hormones are given below : 



ESTRONE 


ESTRADIOL 



conn sore 


9 . Proteins. Among the moat important and abundant 
substances which make up the living organisms are the compounds 
called proteins. These have a variety of functions m the body. 
Some of these are fibrous and are the main components of the 
hair, muscles and skin. A number of them are present in the 
body fluids and serve as carriers of inorganic and organic com¬ 
pounds. We are familiar with enzymeB which act as catalyst* 
and control many biochemical reactions which make it possible 
for us to live. These are protein catalysts. It is an essential 
constituent of our food. Animals can live without fats and 
carbohydrates for a long time but not without proteins. They 
require proteins for growth (i.e., for building new cells) and 
maintenance (i.s., for replacement of proteins lost by wear and 
tear of tissues). The name protein was derived from the Greek 
word protios (meaning to take the first place). 

Plants build up their proteins from carbon dioxide, water, 
mineral salts in the soil (nitrateB and ammonium salts) and solar 
energy. Animals derive their proteins ultimately from plants. 
Animals eat plants and during xhe process of digestion the plant 
proteins are hydrolysed by enzymes producing amino acids which 
TOC—111*3'83-13 
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are absorbed by blood and reach the various tissues. The animal 
proteins are synthesised from these amino acids. These have been 
discussed at length in Chapter 50 . 

10 . Digestion of Food.—Living beings need energy for 
their maintenance and growth. It may be derived from environ¬ 
ments as plants do from the sun or may be obtained by assimila¬ 
tion of food as in animals. Raw food may be taken as such or 
after cooking. It 13 chewed in the mouth and swallowed when it 

B isses through a long passage in the body called alimentary canal. 

uring this passage it gets mixed with various enzymes in 
different parts of the alimentary canal. This converts the various 
constituents of food (proteins, carbohydrates and fats) into their 
simpler forms which can be carried by blood to different parts of 
the body for utilisation. 

The hydrolytic process in which various constituents of food are 
broken down into simpler chemical units which can be absorbed by the 
body is termed digestisn. In human body digestion takes place in 
the alimentary canal and absorption occurs primarily in the small 
intestines. 

Changes taking place in different pans of the body and the 
enzymes responsible at various steps are summarized in the 
following table : 

Action 


Hydrolyses starch into 
maltose. 

Hydrolyses proteins 
into proteoses snd pep¬ 
tones. 

Emulsifies the fats, f.#„ 
breaks bigger fat droplets 
into smaller ones and 
checks growth of bacteria. 


# Hydrolyse* fats into 
fatty acids snd glycerol. 

Hydrolyses starch into 
disaccharides (maltose). 

Hydrolyses proteins, 
proteoses and peptones 
into simpler peptides. 

Same Sa before. 

Converts disaccharidet 
(maltose etc.) into mono* 
saccharides (glucose). 

Hydrolyses partially di¬ 
gested proteins Into small 
peptidt fragment«, 

Convert peptides into 
amino adds* 
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Thu* we find that in the small intestine* the digestible 
portion* of food get completely digested. After digestion these ait 
present as glucme, amino acids, fatty acids, glycerol along with 
vitamins and minerals. These pass through the mucous membrane 
of the intestines and get absorbed by blood stream which carries 
these two different body cells where assimilation of food taken 
place. 

A part of the food is converted into energy required foe 
various body functions. Another part is used for the synthesis of 
proteins required for building tissues necessary for growth or far 
replacement of old worn out ones. The food taken in excess of 
these requirements is stored in the body as glycogen (animal 
starch) in the liver or aB fat which gets deposited in different parts 
of the body. 

Undigestible parts of the food along with undigested ones 
and various secretions find their way into the intestine or rectum 
from where these are excreted in the form of faeces. 


Proteins 


Polysaccharide 

(Starch) 


Digestion of Food at a Glance 

trypsin & 

pepsin Proteoses chymotrypsin peptidases A 

-—► and --—► Peptides-* 

[gastric peptones (Pancreatic & intestinal ^ cl< ** 

juice) intestinal ) 

amylases 

(salivary, maltase 

- * Disaccharides -► Monosaccharides 

pancreatic, (maltose, etc.) (Glucose, etc.) 


Fatty Adda 

+Glyceria« 


intestinal) 

lipases 

bile (gastric, 

Fats-► Emulsified fat- 

salts pancreatic, 

intestinal) 

Metabolism. The term metabolism is used for various 
chemical processes involved in digestion of food in living organisms. 
It is termed catabolism when metabolic reactions involve degrada¬ 
tion of absorbed food substances into smaller molecules. In 
the case of metabolic reactions involving biosynthesis of complex 
molecules from simpler ones it is termed anabolism. The term 
metabolite is used for any chemical compound that is involved in 
a metabolic reaction. 


NUCLEIC ACIDS 

IX* Chemical Genetics. —Mendel is considered the 
founder of the science of genetic*. As a result of his study of the 
inherited characteristics in pea plants he discovered in 1866 that 
mysterious "unit factor" called gene was responsible for the trans¬ 
ference of characteristic from one generation to the other. Later 
on it was shown by T H. Morgan and others that genes are carried 
by physical structures called chromosomes. Genes are strung in a 
linear arrangement along chromosomes. In humans there are 46 
chromosomes that carry the genes responsible for heredity. Noth¬ 
ing was known about the molecular structure of genes in 19500. 
In the fallowing decade, however, there was an explosion in 
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molecular biology and now we know a lot about the genet and 
their functions. Genes are made up of nucleic acids. 

12 . Nucleic Acids.—Nucleic acids are high molecular 
weight polymers. The monomer is termed a nucleotide,. A 
nucleotide consists of three parts : (i) a phosphate group* (ii) a 

C ntose sugar, and (iit) a heterocyclic base. These were first 
lated ' from nuclei of pus cells in the nineteenth century and 
hence, named nucleic acids. Now it is known that these are 
constituents of practically all cells. 

Sugars in Nucleic acids. The pentose sugars present in 
nucleic acids are ribose and d&toyribot*. 



S-nbose a-Dcoxy-S-ribose 


Heterocyclic bases in Nucleic acids. Some of the hetero¬ 
cyclic bases (derivatives of purine and pyrimidine) present in 
nucleic acids are cytosine, uracil, tl ymine (three derivatives of 
pyrimidir e), adenine and guanine (two derivatives of purine). 



Adenine 

(6-tmtnopunne) 


6 



H 

Guanine 

(6~oxo~2-iminopurine) 



Cytosine Uracil Thymine 

(s-oxO’4-4tnino- (a p 4-dioxo- (a* 4-duiio*5-iiJCthyl- 

pyfUmUine) pyrimidine) pyrimidine) 

Oxygen-containing bases given above in the keto (lactam) 
form exist aa the enol (lactim) form aa well. 





Lactam fora 


Lactim fuaf 
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• • however, t * ie resonance energy of the amide groups present 

in the lactam form is generally greater than the resonance 
stabilisation of the aromatic ring in the lactim form. The base 
joined to sugar in a nucleoside is, therefore, present in the lactam 
form ana also predominates at pH~7. 

Nucleosides. A base joined to a sugar molecule is termed 
*i nucreojide. These base-sugar molecules are so named as to 
reflect the names of the base and sugar present. For example* 
adenosine (ribosc-h adenine), guanosine (ribose+ guanine), cy tiaine 
fnbose+cytosine) and uridine fribose +uracil). 




OH OH OH OH 

Cytidme Uridine 

(riboac-f cytosine) (riboae + uracil) 


Nucleosides obtained by substituting ribose by deoxyribose 
in three of the above are deoxyadenosine, deoxyguinosine and 
deoxycytidine, 


Problem —Draw the structural formulas of the three nucleoside* con¬ 
taining deoxvriboae. 


Nucleotides Nucleoside phosphates are called nucleotide$> 
These may be mono*, di- or tri-phosphate. For example, adenosine 
fives adenosine monophosphate (AMP), adenosine diphosphate 


*T* 
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O O O O O 0 

md—O —P—OH arf—O—P—O—P—OH ad- O—P—O—P—0-1—OH 

Ah Ah Ah oh Ah Ah 

amp ADP ATP 

(ad is an abbreviation for adenosine). 

The— P—O— P —bonds are high-energy phosphate bonds 
and it is on account of these bonds that some nucleotides act as 
energy carriers. 

Depending upon the type of pentose (ribose or deoxyribose) 
present, the nucleotides can be of two types ; ribonucliotide% and 
damxyribonucleotides. 


Nucleotides are the building blocks of the high molecular 
weight polymers, polynucleotides called nucleic acids. Thus 
nucleic acids can be diagrammaticslly represented as follows : 



SUGAR PH05PHATE 


ester 

LINKAGE 

Fis. 54 *3^Di*ettmw»tic representation of nucleic acid*—polymer 
of nucleoside phosphates. 


Functions of Nucleotides. Three crucial functions of 
nucleotides present in the cells are : 

(i) Some of these are energy carriers. 

(ii) Some others are co-enzymes. 

(tii) Some of them are carriers of hereditary information—the 
genetic code. 

13. Nucleotide as Energy Carriers.—The —P—* 0 —P— 
bonds in a nucleotide, e.g., adenosine diphosphate (abbreviated as 
A—P—P) or adenosine triphosphate (abbreviated as A—P—P—P) 
are high energy phosphate bonds. When a new bond is formed 
energy is absorbed and when a bond is broken, energy is released. 

H,o 

A-P-P—P-►A—P—P+P ; AG,« (pH, W 

(ATP) (ADP) 

A-P-P A-P + P ; AG„, (pH. 7P)“-3f8 kj 

(ADP) (AMP) 

. During synthesis of ADP utd ATP in the ceil energy ia 
absorbed. Required energy ii derived from oxidation of carbo- 



BIOCHEMISTRY 


3*209 

hydrates and fata. Primary function of respiration is to produce 
ATP from ADP. ATP is the most important nucleotide func¬ 
tioning as energy carrier in living cells. Other nucleotides play 
only a limited role as energy carriers. When energy is required 
for any body funetion, ATP changes into ADP liberating the 
required energy. 

Some reactions thermodynamically impossible in the labora¬ 
tory are accomplished in the body with the help of ATP. For 
example, reduction of RCOOH to RCHO is a thermodynamically 
impossible reaction but accomplished in the Living system at room 
temperature and at pH~ 7 . 



R—C—OH + A—P—P-~-P — ►R—C—O—P + A”P“-P 

Acid (ATP) (with hifh (AD*') 

energy content) 



R—G—O—P + a[H]—-►R—C—H 4" P 

Activated Aldehyde 

complex 

ATP increases energy content of R—COOH by transferring 
its one phosphate group to it and thus forming an activated com¬ 
plex which is next reduced to an aldehyde. 

14 . Principal Types of Nucleic Acida.—Polynucleotides 
composed of nucleotides joined by means of phosphate eater 
linkages are known as nucleic acids. Nucleotides arc nucleoside 
phosphates. Sugar present in the nucleoside may be ribosc or 
deoxyribose. 3 aaed on the nature of sugar molecule present, the 
nucleosides are of two types ; ribonucleotides and deoxyribonu¬ 
cleosides. Their phosphates (nucleotides) are called ribonuclcotldea 
"and deoxyribonudeotidea respectively. Corresponding to theaa 
two types of nucleotides, nucleic acids (polynucleotides) are of 
two types : 

(i) Those consisting of ribonucleotides are called Ribonucleic 
acids (RNA). 

(ii) Those consisting of deoxyribonudeotidea are known aa 
Deoxyribonucleic acids (DNA). 

Both DNA and RNA contain two bases of tbt purine fomil^' 
adenine and guanine, along with one pyrimidine, cytosine. 
However, they differ from eaih other in respect of the fourth base 
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pftatat in each. DNA contains thymine whereu uracil is present 
in RNA. The molecular msM of RNA (range lo 4 —io*) is less 
than of DNA (range io*—io 4 ). 



15 . Structure of DNA.—Based on the chemical and 
physical evidence, DNA molecule is believed to be a double right* 
handed helix made up of two polynucleotide chains wound round 
the same axis like a spiral staircase. The two chains of the double 
helix are held in position by hydrogen bonds between base residue 
hi one chain and appropriate base residues in the neighbouring 
chain, it has been suggested specifically that guanine (Q) is linked 
to cytosine (Q by three hydrogen bonds and adenine (A) is linked 
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to thymine (T) by two hydrogen bonds, We can abbreviate these 
base pairings as GbC and A=T respectively. 



Abbreviation used: 

P»Phosphite diester 
Sugar (deoayriboce) 

(G« C)*» guanine-cytosine pains| 
(A*»T)»adenine-Lbymine pairing. 


Pig- 54 's—Double-helix structure of DNA 
with abbreviated representation of hydro¬ 
gen bonding between banes. 


16 . Replication of DNA.—DNA molecule baa the unique 
property of replication—building up another identical moleeule. 
During replication the double-stranded helix of DNA separate* 
into two single strands. Each single strand then synthesises ita 
appropriate complementary strand resulting in the formation of 
two double-stranded DNA molecules. Due to the unique speci¬ 
ficity of the G=C and A»T base pairings, the newly synthesized 
complementary strand in each case is a carbon copy of the strand 
originally separated from it. Thus in each resulting double-strand¬ 
ed DNA molecule, one of the strands comes from the parent DNA 
molecule, and the other is newly synthesized. Further each result¬ 
ing molecule is an exact replica of the parent DNA* 
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Fiff. 54'S—Schematic representation of DNA replication- Step 
(0 involves separation of double-stranded helix of parent ON A 
into two single strands. Step (ir) involves synthesizing of 
complementary strand for each to form complete DNA molecule 
exact replica of the parent DNA. 

17 , Functions of DNA.—DNA is often referred to as the 
'master molecule 9 because of the key role it plays in the living cell. 
Three important functions performed by DNA are : 

(t) It sends information and instructions to the cell for the 
manufacture of specific proteins. 

(ti) Due to its unique property of self-replication it is res* 
ponsibie for maintaining heredity traits from generation to 
generation. 

(iiij Under certain conditions, «.g., when exposed to X-rays, 
y-rays or ultraviolet light or under the action of certain chemicals, 
DNA may undergo mutations, ue. t its base sequence may undergo 
slight alteration. These changes are passed on to the near replica¬ 
ted molecules which bring about changes in the structure and 
functioning of the cell. This brings about certain changes in the 
animal ana its progeny. 

it. Structure and Functions of RNA.-Similarities and 
differences between DNA and RNA were given on page 3 209. 
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Another difference between the two is that RNA is a single-strand* 
W molecule. Three principal kinds of RNA are found in living 
cells : 

(i) Ribosomal RNA (rRNA) is present in ribosomes and 
Constitutes about 80% of the total RNA. Its molecular mass is 
** ioo X10* and it is metabohcally stable 

(ii) Transfer RNA (tRNA) or soluble RNA (sRNA) occurs in 
soluble cytoplasm and constitutes about 15% of total RNA. Its 
molecular mass is ~2’5X io* and it 'is important in amino acid 
transport. 

(tfi) Messenger RNA (mRNA) occurs in ribosomes, cytoplasm 
and constitutes about 5% of total RNA. Its molecular mass is 
50 X io* aod has a very short life. It is a complementary copy of 
a segment of one strand of DNA For example, if the base 
sequence in the RNA strand is 

—A —T—C—G—A—A -T- 
the base sequence in the mRNA would be 

—U - A—G—C—U—U—A— 

In RNA, uracil (U) is used in place of thymine (T) present in 

DNA. 

RNA is believed to be a single-stranded molecule looped 
back on itself to form a helical structure. In the helical portion, 
the base pairing is possible but the bases present along the loop 
cannot be paired. RNA molecules vary in size and in number of 
loop-and-helix units. 



(b) 

Fig. 54*7—Schematic representations of the RNA molecules showing 
loop-and-helix units. 

Biological Function of RNA. RNA helps in the biosyn¬ 
thesis of proteins (see next section). There are indications that 
RNA may in some way be associated with the process of learning 
end memory storage. 

19. Biosynthesis of Proteins.—Biosynthesis of proteins in 
the cell is taking place in the following steps : 

(t) A chain of DNA, called gene, transmits messages to 
protein factories (ribosomes) in the cytoplasm. DNA in the 
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(>•) The »RNA to synthesised diffuses out of the nucleus to 
cytoplasm ta4 gets attached to a ribosome (• sub-cellular 
•wmtwej* There it itself serve* as a template for protein 


The function of mRNA is to direct the synthesis of a specific 
protein chain. This is possible because each group of three bate 
mmgthe mRNA strand now specifies a particular amine acid and 
Shs so jpienctf of these triplet groups determines the sequence of the 
ammo acids in the protein. Since the code- involves three bases for 
coding unit, it is termed a triplet code whereas the coding unit 
is referred to as s codon. The codon controls the incorporation 
of one specific amino acid at a particular position in the protein 
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fig. 54**“-Schematic representation of biosynthesis of protein involving 
tRNn sod mRNA on the surface of the ribosomes* The chain may 
stay M the surface of ribosome nil completion of the polypeptide chain 
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WIS 


"ft* fr ftl fiao *o id w firat tttacbtd to a (SNA which entice 
m to the correct site on the i«RNA template. Thia tRNA haa a 
bate sequence complementary to the three*bate sequence on the 
mMA. One amino acid after the other is thus transported to the 
mUm This is followed by formation of amide bonds under the 


site. 

influence of appropriate enzyme 
polypeptide chain is completed. 


and thus the synthesis of a 


Thus we find that genetic information paaaea within the 
same cell from DNA to RNA and ‘ then on to protein. Similar 
genetic information paaaea from the parent DNA to a daughter 


Step A 

(Parent cell) DNA-► RNA 

Step R | 

♦ A 

(Daughter cell) DNA-► RNA 

Firjt generation j 

"i A 

Second generation DNA —► RNA 


Step B 

—— *+ Protein 

B 

-► Protein 

B 

——> Protein 


Step A shown in the above diagram (DNA RNA) is termed 
transcription step whereas step B (RNA -* Protein) is celled 
translation step. Step R in which genetic information passes 
from the parent DNA to daughter DNA is known as the replica* 
tion step 

ao. Viruses.—Diseases like common cold, influenza* ence¬ 
phalitis, rabies, cowpox, smallpox and measles are caused by 
viruses* A virus is essentially DNA or RNA (never both) 
protected by a coat of protein. Recall th*t the cells of higher 
organisms, from bacteria to man, contain both DNA and RNA. 
Viruses differ from one another in shape and size. For example, 
these may be spherical, rod-shaped and shaped like threads 
Influenza virus is about ten times as big as polio virus. 

Important characteristic of viruses is their infectivity. The 
protein coating helps the virus to penetrate the cell wall of 
specific hosts. Viruses do not have the necessary biological 
machinery to replicate on their own. Thus outside the host cell a 
virus is simply an inert chemical complex. However, after entering 
the host cell it can use the cell's mechanisms for nucleic acid 
replication aa well as protein synthesis to produce more virus 
particles. As their number increases the cell bursts and gets 
destroyed. The virus particles then enter other cells and cause 
their destruction. 

Viruses have only a limited host range and cannot infect all 
types of host cells. For example, a virus which can infect a certain 
species of rodent may be harmless to another related species of 
the same. 
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(«) (b) («) 

Fig. S4'9 ~Life cycle of e typieel virus. (a) Drawing of a virui, 
DNA located io the head of the particle, ia surrounded and protected 
by protein coat. <M During infection DNA ia injected into a bacterial 
cell and use* the machinery of the cell to ayntheaiee more virua 
particlea. (e) When aufficient number of virua particlea have been 
manufactured, the cell burate. 

li. Biological Aspects of Ageing.—All living organism* 
grow old with passage of time. Old age is accompanied by weaken* 
tag of the functioning of various organs of the body in addition 
to the akin getting wrinkled. The process of growing old is called 
ageing. 

A lot of reaearch is being carried out to find out causes of 
ageing to that if somehow the process could be retarded. Various 
plausible causes responsible for the ageing process are ; 

(i) According to one view DNA of each cell undergoes self- 
destruction sfter s fixed interval leading to ageing. 

(u‘) According to another theory the cella age and ultimately 
die on account of certain environmental cauaea like damage of 
DNA by various radiations. This leads ultimately to the destruc¬ 
tion of cella. 

(iii) Still another view put forward ia that with passage of 
time waste materials accumulate inside or around tire living cells. 
This hinders the proper functioning of these cells and sets in the 
ageing process. 

It is quite likely that the process of ageing may be the result 
of combination of a number of factors. However, in the absence 
of any conclusive evidence, ageing process is still a matter of 
•peculation. 

QUESTIONS 

Essay Type : 


i. What do you understand by ■ living system ? Why do living 
Mganiama nerd energy ? How do they gat this energy 7 

a. What are carbohydrates 7 How srt they classified t Wbat le tbsir 
importance in living eystems 7 


Write s short essay on vitamins and their importance. 
Define, explain or give as example of the following : 

(ii) aposasyme, (lii) oosnxyme, 

(*) substrate, (vi) active site, 

(viii) optimum pH, (w inhibitor. 

(si) optimum tsBspsrstore. 
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J« Whs are fata and oil« 7 Wist is their importance to the living 
ijritemi ? 

6. What do you know about the mode of enzyme action ? 

7. Dhcubb the various factors influencing eozyrar activity. 

%, Write a short essay on "enzyme inhibition'. 

9* In what ways are enzymes similar to ordinary chemical catalysts 7 
Hoar do they differ 7 

10. What are hormones 7 Wnat is their importance m the human 
system 7 Name any four hormones and give their functions. 

ii# What are proteins Y Discuss their role in living systems. 

la. Write a paragraph on digestion of food. 

13. How may different polypeptides differ from one another 7 What 
do you know about the spiral structure 0/ proteins 7 

14 . Write a note on uses of proteins. 

15. How do you say that nucleotides are energy carriers 7 *” 

16. What are nucleic acids ? What do DNA and RNA stand for ? 
What are points of difference between the two 7 

*7 What do you know about the structure of DNA 7 What -is meant 
by replication of DNA ? 

18. What are various functions of DNA ? 

19. What do you know about structure of RNA 7 Name its various 
functions. 

so Write a note on Biosynthesis of proteins.' 

ai. Write a note on viruses. 

2* Heredity characteristics are encoded m the base sequence of 
DNA. Explain. 

23. How do DNA and RNA differ la) structurally, (6) in base composi¬ 
tion, and (c) in function 7 

24 Briefly outline the functional role of (a) DNA. (b) messenger RNA# 
(e) transfer RNA, and Jd) ribosomal RNA in protein aynthesis. 

25 . Write a short note on specificity and sensitivity of Enzymet. 

(Delhi B.Se. Hons. 1979) 

26 . Write short notes on -. nucleoprotcin and nucleic acid. 

(Delhi B.Sc. Hons . 1979) 

Short Answer Type : 

I. What are biomolecules 7 Name five classes of biomolecules. 

а. What arc lipids ? 

3 . What arc phospholipids 7 

4 . What are waxes ? 

5. Wnat are carotenoids 7 

б. What are vitamins ? 

7. Write structural formula of vitamin A. Write three different 
sources of this and mention the diseases caused by its deficiency. 

8. Write structures of vitamins D*, Bj and B 9 . 

9. Write six different sources of vitamin B-complex and mention 
various diseases caused by lack of vitamin B-complex. 

10. Write chemical name and structural formula of vitamin C. Mention 
its sources and the diseases caused by its deficiency. 

11. Write structural formula of vitamin D. Name various disease* 
caused by its deficiency. 

12. Write structural formuU of e-Tocopherol. It is a constituent of 
which vitamin 7 Nam > one disease earned by its deficiency. 

13. Write structural formula of vitamin K t « Where does it occur T 
Name one important function of this vitamin. 

14. Define enzymes. 

sgi What is lock and key theory of enzyme action 7 

t&. Animals can digest starch but not cellulose. Explain* 
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« 7 . Only t imall friction of the enzyme i tlecule Wads to the tub- 
tnte* Whit function is served fey the remaiitder of tfee enzyme molecule 1 
if. Explain why enzymes become inactive above and below the fa) 
optimum temperature and (b) the optimum pH. 

so* What is the difference between a competitive inhibitor and non* 
competitive inhibitor 7 

no. What arc tetrapyrroles or porphyrins 7 
ni. Which was the first hormone isolated 7 
as. Name the master endocrine gland. Why it it so called ? 

03* Name any two hormones and give their function#. 

04. What is a peptide linkage 7 

ag. Whit are the budding blocks of proteins T What are fibrous 
proteins ? Give two characteristics of these. 

06* What arc globular proteins 7 Give two cbaracteristics of these. 

07. What is denaturation of proteins f 

28. Name two enzymes sad write the reaction brought about by them 
34 Name the various enzymes responsible for the digestion of 
proteins. What is the ultimate product T 

jo* Name the various enzymes which help digestion of carbohydrates, 

31. What is bile t How does it help in digestion ? 

3*. Name the sugars present in nucleic acids* 

3$. Name the various bases present in DNA sad RNA. 

34. Define the terms nucleosides and nucleotides. 

35. Name the sugar present in (») DNA .and (ii) RNA. 

36. What are various functions of nucleotide 7 

37. Fill in the blanks *. 

The conjugated protein as s whole is termed...Its peptide part is 

known as.and non-peptide part is called.when it is s B-vitamin* It is 

termed.when it is a metal. 

[Hint. Select words from the list; Coeazyme, apoenzyme, cofacttr 
and holoenzyme.] 

$8. Name various types of RNA. 

39. What are viruses T How do these cause disease t 

40. What is biological aspect of ageing t 

41. Give the names and formulae for all the compounds that can be 
obtained from the complete hydrolysis of DNA. 

42. Name and draw the structural formulae of the pyrimidine and 
purine bases commonly found in nucleic acids. 

43. Give structure 1 formula lor 

(a) deoxyundine, and (b) deoxyadenosinc. 

44. Give the structural formulae for dinueleotides composed of 1 

(a) cytosine and adenine 

(b) thymine and guanine* 

Show how these dinucleotides might link together through hydrogen 

bonds. 

4g. What is the relationship between each of t^e following ? 

(a) rtbose and deoxyribose, 

(b) a nucleoside and a nucleotiJe, 

(c) « nucleotide and nucleic acid, 

(d) chromosomes, genes and DNA. 

46 . How many nucleotide units are present in a codon 7 

47. Differentiate the viral processes of productive infection end cell 
transformation. 
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Chemistry in the Service of Mian 

CHEMOTHERAPY 

I* Introduction.—Most of the diseases in man are caused 
by micro-organisms. Diseases may be avoided by preventing the 
entry of micro-organisms into the body. For this purpose we 
must kill and remove micro-organisms from articles of daily use 
and food. The process cf making various articles free from these 
micro-organisms is termed sterilization. 

If case the micro-organisms gain entry into the body, they 
multiply. If they overcome the body defences, they cause disease. 
Substance used for cure of an ailment or alleviation of symptoms 
is called a drug or medicine. Drugs may be a single chemical 
substance or a combination of two or more different substances. 
Each drug has an optimum dosage, below which it has no action 
and above this level it becomes a poison. 

2. Chemotherapy.— Chemotherapy is the use of chemicals 
(drugs) to selectively destroy infectious mtcro~orgamsms without 
simultaneously destroying the host. It is a relatively modern 
phenomenon. Up to 1900 only three specific remedies were known. 
Mercury was used for curing syphilis but the results were often 
disastrous. Cinchona bark was an effective remedy for malaria 
and ipecacaunha was a specific cure for dysentery. 

Modern chemotherapy began early in this century with the 
work of Paul Ehrlich who in his research sought to discover what 
he called magic bullets—drugs that would be toxic to infectious 
micro-organisms but harmless to humans. First milestone covered 
by him was his discovery in 1909 of salvarsan as a remedy for 
syphilis. 

Ehrlich had observed with interest the ability of certain 
dyes to stain tissues selectively while he was a student of medicine. 
He thought some chemical reaction was involved between the 
tissue and the dye during staining. He pursued this idea in his 
research to discover certain dyes with selective affinities for micro¬ 
organisms* He hoped that some d\e could be found which after 
modifications could be rendered specifically lethal to micro¬ 
organisms. T^ns of thousands of chemicals including dyes were 
tested for their chemotherapeutic utility by Ehrlich and others 
between 1909 and 193S■ 

In I035i the daughter of Gerhard Dornagk, a doctor working 
factory, suffered from a severe streptococcal 
from a pin prick. As she was on death bed, 
oral dose of a dye called prontosiE which had 
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in a German dye 
infection contracted 
Dornagk gave her an 


TOC*4H4 < IM4 
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by that time been shown to inhibit the growth of streptococci in 
mice. The fever dropped quickly ana the girl recovered within 
• short time. This amazing event not only saved the life of the 
girl, but also laid the foundation of modem chemotherapy. 
Domagk was awarded the Nobel Prize for medicine in 1939. 

It was demostrated by the French scientist, Ernest Fourneau 
in 1936 that in the human body prontosil breaks down to produce 
sulphanilamide which is the actual active agent specifically lethal 
to streptococci. 



Prontoait Sulphanilsmide 


Problem of finding a suitable drug for a particular disease 
has been tackled in the following three ways : 

(») By a method of trial and error. In this all kinds of com¬ 
pounds are tried for a particular disease and the one most effective 
h selected. 

fii) b- studying the micro-organism responsible for the disease 
and finding the drug which inhibits its growth. 

(Hi) Improving the known drug found effective for various 
d'ssases. This is done by varying its structure till it becomes more 
effective. Thij method has been found to be most fruitful. 

3. The Sulpha Drugs (Sulphonamidea).—The sulpha 
drugs are derivatives of sulphanilamide and these were the first 
compounds found to be effective against pathogenic organisms or 
bacteria that cause pneumonia, tuberculosis, diphtheria, scarlet 
fever, gonorrhea, etc. 

Fourneau's announcement about sulphanilamide being the 
actual active agent against streptococci, led to a search for other 
derivatives of sulphanilamide with better chemotherapeutic effects. 
Literally, thousands of chemical variations were obtained by varying 
the structure of sulphanilamide in almost every imaginable way. 
On testing all of these it was discovered that the best therapeutic 
results were obtained with those derivative* in which one hydrogen 
0 f the—SOjNH, group was replaced by a heterocyclic amine or 
tome other group. Some successful variations with best therapeutic 
results are given below : 



Sultrhapyridinr Sulphsdlssins Eulpbagusn dins 

(M and B 693) 
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Sulphithiazole SuccinyUulphathi azole Sulphacetimide 

Prior to 1938 thousandsjof people died of pneumonia every 
year. In 1938 sulphapyridine was found to be effective cure of the 
dreadful disease. In 1941, sulphacetamide was used successfully 
for curing urinary tract infections. In 1942, succinylsulphathiazole 
and phthalylsulphathiazole were found to be specific cure for 
gastrointestinal tract infections. Inside the body both of these 
are slowly hydrolysed to give sulphathiazole. Sulphathiazole 
saved the lives of thousands of wounded soldiers during the 
Second World War. Soldiers carried packages of sulpha drugs to 
sprinkle on the open wounds to prevent infection. 

Synthesis of Various Sulpha dru. 

(0 Sulphiniltmide. It may be prepared from acetanilide. 


CH.CONH' 

Acetanilide \-/ 


if" ^ CH.CONH^^SO, 


Cl 


NH, 

-► CH.CONH 


ft ^ 50 ,NH, N ‘ OH NH^SO, 


w 


SulphjaniUmide 


NH, 


(«) Snlphapyridine. (N 1 - 2 -pyridyladphanilamide). It may 
be prepared a s foll ows: 

CH,CONH^ r ~^)SO,( 


,C 1 + 



H,Nl^ 

N 

NaOH 


CHjGONH 


0 —-Q 


NH, fVi -NH- 



\=/ 'N' 

Sulphapyridino 

(*»») Snlph athia aoic (AP- 2 -thiazolyl-sulphanide). In the 
above method used for sulphapyridine 2-aminopyridine is substitut¬ 
ed by 2 -aminothiaaole to jet sulphathiazole. It is more potent and 
.ridine. It is ' ‘ 


less toxic than sulphapyrid 


; is used mainly in severe infections. 
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(it?) Sulpbadfaziue (Sylphcpyrimidine). It is prepared by using 
2 -amiropyrirjdirf in place cf P-aminojyiidinc. It is widely uaed 
as a cure for mild infections. 

Mode of Acticn of Sulpha drugs. All higher animals and 
a number of micro-crganhms are unable to synthesize certain 
essential nutrients like vitamins, unsatutated carboxylic acids, 
certain amino acids, etc. p*Aminobenzoic acid is an essentia) 
nutrient for these bacteria which are sensitive to sulpha drugs. 
P’Amincbenzoic ecid is needed by the enz>me within these bacteria 
for the synthesis oi folic acid (another essential compound). 



Folic icid 

Di igs which inhibit the giowth of any micio-organismj arc 
tetmed 01 tmttabcUtes, Sulpha drugs aie antimelabclites for the 
bacteria, which need j>aimnobenzoic acid for the synthesis of 
folic acid. Sulfhanilamide acts as an inhibitor* for those 
enzymatic step* which are involved in the synthesis of folic acid 
by the fcacUria. This is because the bacteiial enzymes are unable 
to distinguish between the molecule of p -aminobenzoic acid and 



67 >l 



69 k 

a 


p-Aminobenzoic acid A aulphanil.mide 

Fig. 55*1— Structural similarity of p-aminobenzoic acid and a tulphanilamide. 


•In chapter 54 we have discussed the active-rite concept of enzymatic 
catalysis. The active*«ile on the enzyme surface 10 region which binds the 
•ubetrsle forming enzyme substrate complex which finally breaks to give the 
products. An inhibitor is s substance which competes with the norma) 
•obturate for the active site on the enzyme without theiraelves undergoing my 
chemical reaction, to long these inhibitor moleculee are bound to the active 
shea, the <0x9 me cannot Interact with the normal substrate* Thus the catalytic 
activity of the enzyme is Mocked. Such inhibitors are, termed cempetfifSw 
frhHftrt. Mjpha drugs act as competitive u hihitoea fu the interaction of 
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that of sulph&jnilsmide, there being a close structural similarity 
between the two. 

Sulphanilamide thus inhibits the activity of the bicterial 
enzyme which is, therefore, unable to synthesize requeue folic acid 
essential for living organisms resulting in rh w death of bacteria. 
Humans do not synthesize their own foL * acid and get it from 
dietary sources. They are unaffected, therefore, by sulpha drugs. 

Knowledge oi this mode of action of sulpha drugs has led to 
the discoveiy of a large number of more effective anti metabolites. 
For example, Methotrexate has proved effective in the treatment 
of cancer. Methotrexate is a derivative of folic acid. By virtue 
of its resemblance to folic acid, it can enter certain reactions ia 
place of folic acid but cannot serve the function of folic acid, e.g. f 
in the reactions involved in cell division. Thus methotrexite is 
toxic to all t\ pes of dividing cells but it is extremely toxic to 
cancer cells which divide most rapidly. 




:,cr 2 coon 


Ah 


Methotrexate 

4. Antibiotics.—An antibiotic is a compound produced by 
one micro-orgamsm that is toxic to another mic'morganism. The 
accidental discovery of penicillin, one of the most widely used 
antibiotics in the world, is one of the romantic stories of science. 
It is known that bacteria grows on nutrient agar surface. Agar 
is a gelatinous suspension prepared from seaweed, However, it 
was observed by Alexander Fleming in 1920s that bacteria does 
not flourish on nutrient agar in the region surrounding particular 
fungus, Penicillium no tat urn Weeding. He suggested that this 
fungus produces an antibiotic named penicillin. In 1938, Ernst 
Chain and Howard Florey* isolated! penicillin in pure form and 
proved its effectiveness as an antibiotic. It was introduced into 
medical practice only in 1941. Several naturally occurring penicil¬ 
lins have been isolated. All of these have the empirical formula 


CtHuO|SNfR 

In penicillin a four-membered ring is fused to another five- 
membered ring. Structures of individual penicillins are shown in 
Fig. 5j'd, Penicillin G is the most commonly used one of these. 


The three scientists received the Nobel Prise for Physiology sod 
wedtoioein 1*45. 
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OR 


PtMCtLLIN 


1 OR F 

-CHjCHzsCHCHjpH, 

U OR G 

-ch 2 — 

a or X 


a or K 

~(CH 2 ) ( CUj 

I otY 




MSTHMUM 


Fig. js'a—In the molecule of penicillin two amino acid* valine and 

cyiteine are incorporated. Different penicillin* differ from one 
another only in the nature of R. 

Other Antibiotic*. Penicillin cannot be administered orally 
since it is quite unstable and undergoes rearrangement to an 
inactive derivative in the acid pH of the stomach. Further, some 
kinds of bacteria develop resistance to penicillin by developing the 
enzyme penicillinase which breaks down the antibiotic. Some 
people are allergic to penicillin and the allergic reaction ia some¬ 
times very severe resulting in fatal coma. 

To overcome these difficulties, scientists have discovered, a 
number of other antibiotics. These have proved to be as effective 
•a penicillin in destroying infectious micro-organisms. The 
commonly used ones of these are given below : 

(a) Streptomycin. Jt was discovered by S.A. Wakemao, 
Kj mi aa -bori* American microbiologist, in 1944 « wot antipode 
affective against tubcrcidoei*. He waa ewerded^be 1999 Mobil 
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Priwm Physiology and Medicine for thin discovery. It is also 
used for other common infections like throat and lungs, eais and 
kidney. 

, ,(b). Tetracyclines, Some other members of this group of 
antibiotics in addition to tetracycline are : 

(0 Chlorotetracycline was isolated in 1948 and was introduced 
under the trade name Aureomyein. 


00 Oxytetracychne was given the trade name Terramycxn. 



Tetracycline Chloramphenicol 

(Chloromycetin) 



Chlorotetracycline Oxytetracychne 

(Aureomyein) (Terramycm) 

Fig, 55*3—Structures of some common antibiotics. 

Tetracyclines are broad-spectrum antibiotics and are 
effective against a number of types of bacteria, larger viruses, 
protozoa, parasites and also rickettsiae (typhus fever). Unlike 
penicillin and streptomycin, these can be given orally since they 
ire absorbed from the gastrointestinal tract. On this account 
they have largely replaced streptomycin. 

(c) Chloramphenicol having the trade name Chloromycetin 
is effective against typhoid and paratyphoid fevers, diarrhoea and 
dysentery. 
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11 is also specific for influenza, menengitis, pneumonia, whoop¬ 
ing cough and urinary tract infection. 

Mode of action. Chloramphenicol interferes with protein 
synthesis inhibiting the transfer of amino acids from RNA to 
ribosomes. 


Synthesis, C hloramphenicol can be synthesised as follows: 

O.N<? VcH, --- O.N^/ 


O.N(^COCH.NH^—-°^°» 


w 


w 


€OCH,NHCOCH, 


CH, ° // NIIGOCHj [(CH,>.CHO],Al 

-> 0,N(/ \)COCH/ ---- 

Na,CO, aq. \ / Nmirur 


\ - / 


CII.OH 


// A /NHCOCH. hq 

o,N(/ \)chc)H.c:h( 3 _ 

X CH a OH 

o,»f\ 


HuH.CH 


/NH, 






I-OH 


(0 resolved 


m 

nhcochci, 


-» O.N // \v HOH.CH^ 

Uh CHCI.COOCH, \_/ v CH t OH 

(—)-chlorsmphenico1 


Reduction of compound I gives mainly the fftreo-compound II 
with a small quantity of the er^tAro-isomer. The mixture is separated 
by fractional crystallisation Threo-racemate (HI) obtained on 
hydrolysis of D is resolved with the help of (+)-camphorsulphonic 
acid and D-threo isomer (in) it used for the synthesis of 
(—) *c hloramphenicol. 


With passage of time, bacteria become resistant to a certain 
antibiotic, so we need a stronger antibiotic to destroy these 
resistant strains. In fact a never-ending race is going on in nature. 
Nature evolves new bacterial strains which are resistant to anti* 
biotics, while man produces more effective antibiotics to destroy 
these new more resistant infective bacterial strains. 

Antibiotics should not be used indiscriminately aince^auents. 
may be sensitive to a certain antibiotic and develop allergy 
Immediately or he may get sensitized by its prolonged use. 
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Mode of Action of Antibiotics. It is believed that antibio¬ 
tics discourage the growth of bacteria hy interfering with the 
biosynthesis of essential components needed for construction of 
bacterial cell wall. For example, penicillin inhibits the enzyme, 
t fans peptidase which catalyses the final step in the bacterial cell- 
wall biosynthesis, viz., the cross-linking reaction. 
CHEMOTHERAPY IN MALARIA 

5. Malaria.—It is a fabrile disease caused by protozoa of 
genus Plasmodium (malaria parasite) which are transmitted to 
man by the bites of female mosquitoes of the genus Anopheles. 
There are four types of malaria : 

Protozoa Malaria caused 

(t) Protozoun viva* Malaria vivax which causes fever on alter¬ 

nate days (quotidin). 

(ti) Protozoun malariae Malaria malariae which causes fever once 

in three d*y» (tertian). 

(it 1) Protozoun ovale Malaria ovale which causes fever once in 

three days (tertian). 

(in) Protozoun falciparum Malaria falciparum which cauaea fever 

once in four dtyi (quartern). 

Life Cycle of Malarial Parasite. The chemotherapy of 
malaria is intimately connected with different stages in the cycle 
of malaria] parasite given below : 

(i) Pre-crythrocytic stage (Tissue phase). The mosquito 
injects the parasite into the blood of a human being, it immediately 
goes to the liver cells where it multiplies. 

(ti) Erythrocytic stage. Once the parasites have grown in 
adequate number, these come to blood and enter the red blood 
corpuscles ( erythrocites ). Here again they multiply within the 
red cells. Eventually the red cells burst liberating the parasites 
as well as toxins. These toxins cause fever, chills and rigour. 
The liberated parasites attack fresh red cells and the cycle 
continues. Depending upon the periodicity of this cycle in 
the red cells fever comes on alternate days, once in three days or 
once in four days. Some of the liberated parasites go back to liver 
and continue the cycle there. 

(iii) Sexual stage. During the ted cycle some of the para¬ 
sites get converted into male and female gametocyles. These are 
harmless to human beings but may be taken by a mosquito during 
a bite to continue the cycle in mosquito to produce the sporozoites 
which when injected into a human being by a mosquito bite starts 
the malarial cycle. 

6. Types of Malaria Therapy.— Choice of an antimalarial 
drug depends upon the point of its action cn the life cycle of the 
malarial parasite. Various drugs used are : 

(d) Casual prophylactic drugs . These drugs destroy the 
early tissue forms (sporozoites) in the liver and thereby prevent 
the erythrocytic stage. Drug commonly used in this stage is 
Primaquin. Since it is too toxic, its long-term use alone is not 
advisable. 
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(b) Suppressive drugs . These drugs kill the parasites in the 
blood and do not permit the cycle to continue, thus avoiding the 
clinical attack. Parasites continue being present in the liver but 
since red cell cycle is discontinued, the patient does not suffer 
from fever. The choice drugs for this are proguanil, pyrimethamine 
and chloroquin. 

(c) Drugs used in acute attack. The suppressive drugs 
mentioned above when used in higher doses destroy the erythrocy¬ 
tic phase causing relief of symptoms. 

(d) Drugs used in radical treatment . These arc the drugs 
which destroy the persistent tissue phase and the gametocytes. 
The drug of choice for this purpose is primaquine* 

7. Antimalarial Drugs.—In earlier days malaria was treated 
with bark of a tree called cinchona. Later on alkaloid quinine 
was extracted from cinchona bark and its chloride or sulphate was 
used as a specific for treatment of malaria for a long time. Quinine 
has now almost been replaced by more effective synthetic drugs. 
It is, however, still being used for the treatment of cerebral 
malaria and in cases resistant to chloroquin. For structure of 
quinine see page 3 ' 171 . 

SYNTHETIC DRUGS 

Based on their structure, various antimalarial drugs can be 
classified as follows : 

(a) 9-Aminoacridines. An important drug of this class is 
Quinacrine, 3-chloro-‘9'(4-diethy)amino-*3^methylbutylamino)-7- 
methoxyacridine. Its trade names are Mepacrine, Atabrine 
and Chinocrine. 

Its structure is as shown below : 



Quinacrine 

It attacks the erythrocytic stage of the life cycle of malarial 
parasites quickly and effectively but apparently has fto action on 
sporozoites. It is effective against both vivax and falciparum 
malariae. 

(b) Derivatives of 4-Aminoquinoline. 

(i) Chloroquine, 7-C/iloro-4-(4-citethyl.imtfio*r-methylbutyf- 
amtnohquirofine. Like quinacrine, chloroquine attacks only erythro¬ 
cytic stage of the life cycle of the malarial parasites. Also it is not 
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effective against gametocides. Consequently, it is not a casual 
prophylactic or curative drug. Asa suppressive drug, however* 
it is more potent than quinacrine. It does not stain the eyes or 
skin. It is, therpforr, a drug of choice for treatment of malaria. 
It haB been found highly effective in acute attacks of vivax malaria. 
Relapses can be prevented with weekly doses, 

its structure is as shown below : 


Ah-W MihWtVsk 

Chloroquine 

Synthesig Chloroquine i> prepared by heating 4 , 7 -dichloro- 
quinoline with novaldiamine in phenol solution. 

NH a 

fr > /y | Inf phenol 

nL L + c H,CHrCH,),N(G g H 6 ) i -* 

U Novaldiamine solution 

1- Cl&lor oquin 

4 T 7-chloro4Jinolme 1,4 pjataiudiarainj) 

4 , 7 -Di~hloroquinoline 1 for the parpj;e is synthesised *as 

follows : 



(keto form 


(mot fnr.n ) 


MINERAL OH 
« H 

AT 20*C 



NaOH 

- ■-» 

eooc ^h 5 ci 






1 ,7, Dichloroquinoline 

Novaldiamine is synthesised from acetoacetic ester as follows : 
CH.COCH, 4 ClCHjCH,NEt, 

| 2chloro -N,N- -► CH.COCHGHjCH.NEt, 

COOEt ditihylethanamine | 

GOOEt 

(0 Hydrolysis (0 NaNH, 

-► CH s COCH„CH 2 CH,NEt s -► 

( it) —CO, ‘ («•) NH, 

CH.CHtCH^NEt, 

NH, 

Novaldiamine 

Pharmacological Properties 


General, It is absorbed quickly when taken orally. 50 % 
of it gets plasma protein bound. It gets concentrated up to several 
hundred times in liver, kidney, spleen and eyes but does not act on 
hepatic cycle. 

(») It acts on erythrocytic cycle of plasmodium viva* mal- 
ariae and ovale. Thus it causes suppressive prophylaxis and sup¬ 
pressive cure. It abolishes acute attack of malaria. 

(it) It kills amoeba. It is. therefore, effective in intestinal, 
hepatic and cutaneous amoebiasis. 


(rtf) It is useful in the following disorders : 

Rheumatoid arthritis, Sarc idosis (fungal disease). Infectious 

mononucleosis (viral diseases), solar urticaria Diabetic 

neuritis (inflammation of nerves). 


Mode ol* Action. It inhibits synthesis of DNA by blocking 
DN A'replication and degrading the ribosomes. 

(ii) Camoquine. It is another derivative of 4-aminoquino* 
line. It is less toxic and 3-4 times as active as quinine. It is a highly 
suppressive drug in vivax malariae and falciparum malaria. Its 
structure is given below : 



Camoquine 
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(c) Derivatives of 8-Aminoquinolines. Some important 
S-anriinoquinolines are 

(0 Pamaquine, (ii) Pentaquine, 

(iit) Isopentaquine, • and ( iv) Primaquin. 

These constitute a group of most promising antimalarial 
drugs which are highly active against the tissue forms of protozoun 
vivax and protozoun falciparum. Hoaever, these are used only 
in combination with quinine or some 4-aminoquinoline. Their 
structures are shown below : 



CHa 


CH S 


ch 3 o 


NH — Cll(Ch 2 ) 3 NHCH(CH 3 ) 0 INH 2 

■ ^ ■ a. 



iio»Pentaquine 


Primaquine 


(d) Pyrimidine and Diguanidine Derivatives. Two impor¬ 
tant drugs of this group are : 


(i) Proguanil having trade name Paludrine. It is less toxic 
and does not colour the Bkin. It is a suppressive drug of choice 
for both falciparum as well as vivax malariae. Its structuit is 
given below : 



Paludrine 

(ii) Pyrimethamine* It is the moat powerful suppressive 
drug known so far and is, therefore, a drug of choice as suppres- 
aive drug sb well as the one used in acute attack. Its structure is 
shown below ; 
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CH 2 CH 3 

Pyrimethamine 

ANTIPYRETICS AND ANALGESICS 

8 . Antipyretics.— These drugs are used for bringing 
down the body temperature in high fevers. They act through 
excessive sweating and thereby cooling the body. Examples of 
common antipyretics are : 

(0 Acetylsalicylic acid (aspirin), (ii) Analgin, 

(iii) Para-itamol (4-Acctamidophenol), (iv) Phenacetin, 

(u) Phenylbutazcne (ButaZclidine). 

Most of them produce excessive secretion of the acid in the 
stomach and may cause ulcers. They should not be taken empty 
stomach. Their excessive use should be discouraged. 


OCOCH3 

OC 2U5 

OH 

0 

0 

0 


NHcoctij 

Mi CQCHf 

Acetylsalicylic 
acid (Aspirin) 

Phenacetin 

Paricetimol 


(1) Aspirin (Acetylsalicylic acid)] 


Synthesis. Aspirin is obtained by acetylation of salicylic 
acid (see page 2 ' 664 ). Salicylic acid needed for the purpose is pre¬ 
pared by heating solid sodium phrnoxide to 390 - 4 ] 5 K with carbon 
dioxide under pressure (Kolbe-Schmitt method, See page 2 - 661 ). 

Uses : (/) As an analygesk for relief of pain like headache, 
bodyaches, arthritis (joint pains). 

(ii) As an antipyretic to bring down high temperature (fever) 
due to all types of diseases. 

(iii) As an anti-inflammatory, to bring down inflammation, t.g., 
rheumatoid arthritis, spondylitis. 

It is used singly or in combination with phenacetin or caffeine. 

( 2 ) Pkeaseeda ( \p-ethoxyacetanilide ,). 

Synthesis. It is manufactured as follows: 
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ONa 



Sod. phenoxide 


ONa OC 2 H 5 




Uses ; It is used as (i) an antipyretic, (it) 


NHCOCH3 

an analgesic and 


(•») antirhuematic 


It is usually used in combination with other drugs. 
(3) Paracetamol ( N-acetyl-p~amiriophenol ). 


Synthesis 


OH 



Phenol 


OH 


OH 


HNOjjH- 

h 2 so 4 


Fc/HCl 



NO z 

p-Nitrophenol 


nh 2 .hgi 

p-Aminophenol 

hydrochloride 


OH 

(CH.CO^O/ 

CH.COONa 

NHCOCH, 

p-Acctamidophenol 
( Paracetamol) 



Uaea ; (♦) As an antipyretic (*t) As an analgesic 


(4) Phenylbutaaoiie (tiade name Butazolidinc ). I t is 
pyrazolone derivative with structural formula as given below : 


C.H, 


C,HjN 


.N-CO 

( I 

x C = C.C 4 H 9 


ONa 

1 , 2 -Diphenyl- !-butyl- 3 , 5 -pyrazolinedione (pheylbutazone) 
Uses ; (i) As an antipyretic to bring down fever. 


a 
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(//) As anti-inflammatory in arthritic conditions, eye operation 

(ffi) As an analgesic in arthritic conditions, gouts. 

(fv) As uricosuric in gout for removal of uric acid. 

Due to its high toxicity it is not considered as a very safe drug. 

Oxyphenylbutazone (trade name Tandearil or Suganrii) is 
i-(p-liydroxyphenyl)- 2 -phenyM-butyl- 3 , 5 -pyrazolinedione. It 

is more potent and less toxic than phenylbutazone. 

C fl H 5 

I 

// \\ <N—CO 

ho/ Wn, | 

C—C.C.H, 

ONa 

Oxyphcn} Ibutazone 
(Tandearil m Suganrii) 

Side Effects of these drugs ; 

Phenacetin is a weaK drug and is commonly used only in 
combination with aspirin. Aspirin causes intestinal side effects, 
it causes gastritis which leads to vomiting, nausea and even bleed¬ 
ing. Paracetamol causes kidney damage. Phenylbutazone is 
highly toxic aud hcncc not considered a safe drug. It is replaced 
by oxyphen^l-butazone these da>s. 

Patients who cannot tolerate aspirin are given paracetamol 
which is superior to aspirin as an antipyretic. Similarly patients 
having kidney defects cannot tolerate paracetamol. They are 
given aspirin which is more potent analgesic than paracetamol. 

9. Analgesics.—Drugs which relieve or decrease pain are 
termed analgesics. These are of two types ; (1) Narcotics and 
(«) Non-narcotics. 

(a) Narcotics. These are mainly opium and its products, 
e.g., morphine, codeine and heroin. They cauFe addiction. This 
group of diugs is more effective in their analgesic properties. 
They also cause slesp and unconsciousness in higher doses. 
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Heroin 

(b) Non-narcotics. This group of drugs also have antipy- 
reic properties. Common drugs are aspirin and analgin. 



AnatSin 

12, 3-Uimuhyl-i-rlienyl-3-pyraionolin-5-one) 

TRANQUII.LIZERS, HYPNOTICS >ND PSYCHEDELIC DRUGS 

io. Tranquillizers.—These reduce [anxiety and tension. 
They are basically of two types : 

(a) Sedatives. These are used for patients who are violent 
or mentally agitated. The common drugs used are : meprobamate 
(equanil), diazepam (calmpose). 

O CH, O 

II I H 

H,N—C—O—CH 2 —C—CH a O C NH, 

CH.CH.CH, 

Equanil 



Diazepam (Calmpoae) 


TOC-III-3-8345 
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fb) Antidepressants. Mood Elevators or Pep Pills. Some¬ 
times the patients are highly depressed and lose self-confidence. 
In the case of such patients antidepressants are given. These 
drugs produce feeling of well-being and improve efficiency. Some 
axamplrs of antidepressants are : tofranil, vualin, amphetamines 
and cocaine. 


f^ S V-CH I -CH-NH 1 




Amphetamine 

(Benzedrine) 


0 --CH,—CH-NHCH, 
CH a 

Methamphetamine 

(Methedrine) 


- , 11, Hypnotics. These drugs produce sleep and are habit 

forming Common examples of hypnotics are luminal, aeconal and 
sonryl. These are also used as sedative tranquillizers. 



Tuminal 
(IMic'v barhu.il) 


*'♦ i onai 
(H'lbdibilal) 


12 . Psychedelic Drugs. — The^c drugs produce visual and 
auditory hallucinations. The person after taking the drugs sees 
objects and hears sounds which do not exist. Thrv produce euphoria 
—a sense of well-being, overjoy, self-confidence, etc. But these 
dru^s are harmful to the body and addiction occurs in a very short 
period. Common drucs aie : lysergic acid dielhvlamide (LSD- 25 ) 
and mescnline ( 3 . 4 , 5 -trimethnxyphcnyl-crhyUmine). 



€ H 9 ( 

CH $ Of 


13, Birth Control Pills.—Population of the world is grow- 
ing so rapidly that it has caused a worldwide concern. Various 
techniques to control birth rate are being used. In recent years, 
drugs have been developed that control ovulation and* if regularly 
taken, function as extremely effective contraceptives, Thu 9 women, 
using these pills at regular intervals, do not conceive and produce 
children. Thes; drugs thus function as extremely effective con¬ 
traceptives. The invention of these pills has basically altered the 
techniques of birth control and will have a world-wide impact on 
society. 
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Two iuoceaful drugs used as birth control pills an 
Orth on ovum and Enovid. Both of these are combination of drug*. 




For example, orthonovum is a mixture of noieihmdrone (17 a- 
ethynyl-rg-nortestosterone) and mestranol (i 7 '“ eth>nyl-3-metho- 
xy*i, 3* 5 (to)-estratrien-i7-P-ol]. Similarly, enovid is a mixture of 
norethynodrel [i7-a ethynyl-i7-P hydroxy-5 (io)-estern-3*oae] and 
mestranol. 

ANAESTHETICS 

14. Anaesthetics.—These produce loss of sensation. Anaes* 
the tics are of two types ■ 

(a) Local anaesthetics which produce loss of sensation on 
a small area where the drug is applied. Common loc d anaesthe- 


C e H 5 OOCCOOCH 3 

a-Eucaine 


COO(CHi) 2 NE-b2 

6 


KH 3 


Procaine 


tics are : xylocaine (used in jelly form), ethyl chloride (used in 
spray form) and procaine (used in injection) Local anaesthetics 
are used for Bmall surgical operations like tooth extraction, stitch¬ 
ing of a wound or incision of an abscess. Some other modern local 
anaesthetics are : a-Eucaine, orthoform and dimethisquin. 
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COOCUa 

Cu 


Ntf z 



OCHzCHiNfCRsh 
XCHz^CHs 


Orthoform Dimethisquin 

(6) General Anaesthetics. Thjey produce unconsciousness 
and are used for major surgical operations. These may be Used 
in the form of pas, e.*., nitrous oxide, cyclopropane or may be 
given in the injection foim, e.g., sodium pentothal, Ether and 
chloroform used as general anaesthetics previously have been dis* 
carded in favour of better ones available now. 

ANTISEPTICS AND DISINFECTANTS 

15. Chemicals used for Sterilisation.—Various chemicals 
used for sterilisation are classified under two headings : (i) Anti¬ 
septics and (iij Disinfectants 

(d) Antiseptics. An antiseptic may kill the bacteria or may 
only prevent its multiplication. They do not harm the living tissues 
and can be applied on cuts and wounds. Some common examples 
of antiseptics are * dettol, cetavelon, savlon, aenflavin, gentian 
violet, mt rcuiochiome (see pege 3‘*.[>5,. boric acid and potassium 
permanganate. 

(b) Disinfectants. They kill the bacteria and arc used for 
sterilization of inanimate objects like instruments, utensils, 
clothe*, floors, sanitary fittings, sputum and excreta. They are 
harmful to the living tissues and cannot be used on the skin. Some 
examples of disinfectants are ; phenol, methylphenol, hydrogen 
peroxide and sulphur dioxide. 

Some of these compounds are shown bilow : 



Dettol Chloriminc-T Dichloramine-T 


:gi: 


If 

lodoi 



Depending upon the concentration, the same substance may 
be used as an antiseptic or disinfectant. In smaller concentrations 
it is an antiseptic whereas in higher concentrations it becomes 
disinfectant. For example, 0 2% solution of phenol is an anti* 
septic while 10% solution of phenol is disinfectant. 
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Germicide and fungicide are general terms used for sub- 
stances which destroy or kill germs and fungi respectively. 

The mode of action of these chemicals is l 

(a) As oxidising agents, e.g., potasuum permanganate! 
hydrogen peroxide, bleaching powder, tincture of iodine and 
chlorine used for sterilization of water. 

(d) As metabolic poisons, e.g,, mercurocbrome, acriflavin, 
silver nitrate and formaldehvde. 

PESTICIDES 

16. Pesticides,—Insects, fungi and weeds are most serious 
problems of the farmer. They destroy standing crops and stored 
foodgrains. One of the factors which has helped progress in agri¬ 
culture has been our ability to control insect pests and weeds* 

In this section we shall deal with various chemicals called 
pesticides which have proved effective against insects (insecticides), 
fungi (fungicides) and weeds (herbicides). 


These are all poisons and must be used with utmost care. 
Their indiscriminate use could lead to pollution of streams with all 
fish killed, annihilation of birds, human sickness and in some cases 
even death. 


(a) Insecticides. Commonly used insecticides arc : 


(i) DDT, 2,2-bis“(4-chlorophenyl)-l 1 l l l-trichloroethane > also 
known as p,p'-dichlorodipheyltrichloroethane (hence DDT), is syn¬ 
thesized by the condensation of 1 mole of chloral with 2 moles of 
monochlorobenzene in the presence of sulphuric acid 


2 



+ CC4CHO 

Chloral 


Cone 
H, SO, 



DDT 


It is practically insoluble in water, moderately soluble in 
hydrmylic and polar solvents and in petroleum oils. It is readily 
soluble in most aromatic and chlorinated solvents. 

Two other similar chlorinated hydrocarbons are DDD and 
I/Dbi 

DDD. ^ 2,2-*i*.(4-chlorophenyl)-l,MichloroMhane, also 
known at p, p -dichiorodiphcnyldichlororthane, hence DDD. 
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For its synthesis, ethanol is chlorinated below 310K until the 
lower layer has a density 1 *29. This is condensed with xnonochloro* 
benzene. 


DDE is 2,2*&ia-(4chlorophcnyl)-l ) l-dichloroethene. 



(«) Methoxychlorr or 2>W#-(3-mcthoxyphcnyl) *1,1,1- tri- 
diloroethane, 



CC1, 


It is obtained by condensation of chloral and methoxybenzene. 
It is a grey flaky powder practically insoluble in water, moderately 
soluble in ethanol and petroleum oils. However, it is readily soluble 
in most aromatic solvents. 


(Hi) Benzene hezachloride (BHC). Jt is marketed under the 
trade name Gammrxane or 666. Chemically it is the y-isomer of 
1 , 2, 3, 4, 5, 6-haxachlorocyclohexane. Gammex&ne contains only 
about 15% of the y isomer. Preparation containing about 99% y-iso- 
mer is named lindane. 

CHC1 

ClHCr^^HGl 

GHC1 


BHC is pi rpared by the chlorination of benzene under ultra¬ 
violet light. It is an off-white to brown powder of persistent musty 
odour* It is practically insoluble in water, soluble in benzene and 
chloroform. 

Use of these insecticides over long periods has resulted in deve¬ 
lopment of resistance in various insrets. Due to their accumulation 
in the animal bodies, birds and fish had malfunctioning of their 
bodies and quite a number of them died as a result of it. Moreover, 
insecticides destroy both harmful as well as useful insects. 

(it?) Organ ©-phosphates. Some of the organo-phosphates 
used as insecticides aie n alathicm and parathion. 

(CHjO) jPS .SCHCO OC|H 5 

I 

CH»COOC a fI 6 

Malathion Parathion 

These are rciati\cly safer inseticidcs but highly toxic to man and 
animals. Their advantage is in their being less persistent due to 
easier degradation but this requires application more often. 


(C a H t O) a PSO- 


o 


NO, 
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M&kthion is prepared by the addition of MMimcthyl pho*- 
phorodithiotc acid to diethyl malate, hydroquinonc being present to 
suppress the polymerisation or the unsaturated ester. Its solubility 
in water is 145 ppm. It is miscible with many org ani c solvents. 

Parathion is made by condensation of diethyl phosphorochlori* 
dothionate with sodium p-nitrophenate. It is a pale yellow liquid 
and its solubility in water at room temperature is 24 ppm. It is 
miscible with most organic solvents. 


A more recent method for insect control is the use of hormones 
which upset the growth cycle in insects. 

(6) Herbicides. Virtually every crop and ornamental plan* 
has a weed problem. Weeds take away a good part of the fertiliser 
and water needed by the plants. Control of weeds has, therefore, 
become a challenge to efficient farming. Herbicides are chemicals 
used for destroying wced 6 . Some common herbicides are 


(t) 2 , 4 dichlorophenoxyacetic acid ( 2 , 4 -D), 

(ii) 2,4,5-trichlorophenoxyacetic acid (2,4 5-T) and (Hi) diuron* 



O—CHjCQOH 


Cl^Cl 

—CHjCOOH 

2 , 


(a) Fungicides. Some common fungicides are copper sulphate, 
copper naphthenate. 2, 4, 6 -trichlorophenol and some compounds of 
mercury. Bordeaux mixture used as fungicide is a mixture nf 
0uSO 4 , lime and water. Dithiocarbamates are the most important 
organic fungicides. 

(d) Rodandcides In addition to these pests, rats are a big 
nuisance to tfce farmer. They destroy food stocks and spread diseases. 
Some chemicals used for killing rats are sodium monochloroacetate, 
zinc phosphide, sodium fluoroacetate and thalium sulphate. These are 
mixed with food and kept for the rats to cat and die. Alpha- 
naphthylthiourea (ANTU) can also be used for the purpose. 

Mode of Action of Pesticides. Little is known as yet about 
the exact mechanism by which pesticides exert their selectively lethal 
effect. Probably these iunction as poisons for the important biolo¬ 
gical process of insects, fungi and herbs. Interruption of these biolo¬ 
gical processes leads to death of the organism. 

QUESTIONS 

Essay Type« 

1. How are diseases caused ? How can these be prevented T What it 
chemotherapy t 

2. What do you know about the chance discovery of sulphamlamidc ? 

3 . What are sulpha drugs ? Write names and formulae of any three 
sulpha drugs you are familiar with. Give the preps at ion of one of these. 

Discuss the mode of action of sulpha drugs. 

4 . Write s note on active-site concept of enzymitic catalysis. Discuss 
its utility in explaining the mode of action of sulpha drugs. 
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3, Whst is m antibiotic ? What do you know about the chance 
discovery of penicillin ? Give the general formula for various penicillins and 
write the formula of penicillin G. 

6. Name three antibiotics other than penicillin and write structural 
formula for one of these. In what respect these may be considered superior to 
penicillin ? What precautions are necessary in the use of antibiotics ? What 
it their mode of action ? 

7* What is malaria ? How are different types of malaria caused ? 
What do you know about the life cycle of malarial parasite ? 

S. Discuss different types of malaria therapy. 

p. What are the different types of anti malarial drugs t Give examples 
of each type. 

10. Write short notes on any three of the following : 

(t) Antipyretics, (i») Analgesics, 

(iii) Tranquillizers, (iv) Hypnotica, and 

(v) Psychedelic drugs. 

11. What are anaesthetics ? Name three modern local anaesthetics 
and write their formulae. 

la. What do you understand by autism ptics and disini octants ? Give 
three examples of each. What is the mode of action of these chemicals ? 

13. Write a short note on birth control pilla. 

14. What are pesticides ?'How are these classified 7 Give two examples 
of each class of pesticides. 

Short Answer Type: 

I. Define chemotherapy. 

а. How are prontosil and sulphaniiamide related to each other ? 

3, What are sulpha drugs ? 

4, Which sulpha drugs are specific cure for the following diseases : 

(i) Pneumonia, (it) Urinary tract infections. 

(fit) Gastrointestinal tract infections. 

5, What is the mode of action of sulpha drugs ? 

б. What is active-site concept of enzymatic catalysis ? 

7. Name the compound which acts as inhibitor in the enzymatic 
■topi involved in the synthesis of folic acid from p-aminobenzotc acid* 

8. Name a drug which has proved effective in the treatment of career. 

9. What are antibiotics ? 

10. Give the general formula for penicillins^ Name the antibiotici 
which can cure the following diseases; 

ii) Tuberculosis, (<») Typhoid. 

11. Why penicillin cannot be administered orally ? 

«. What are Ihe drawbacks of penicillin as antibiotic ) 

13* Why antibiotics should not be used indiscriminately ? 

14. What is the mode of action of antibiotics ? 

xe. Give the synthesis of (->Chloroamphenicol. For.wbat purpose 
{• h used ? llWA# BSe. Hoi is. M 2 ) 

x6. What is malaria ? 

17. Where arc malarial parasites present in the following stages s 

(i) Pre-erythrocytic stsge. (i») Erythrocytic stage, (iii) Sexual stage. 

18. (*) What is the function of casual prophylactic drugs in tnslarta 

therapy 1 



CHEMISTRY W THE SERVICE OF MAH 3*JJ43 

(A) What ia the function of suppressive drug* in malaria therapy 7 
Mime three auppreaaive drugs of choice. 

19. Whit 11 the function of drugs used m radical treatment of 
malaria ? Name one drug used for the purpose. 

ao. Name one antimalarial drug for each one of the following types s 
(a) 9-A min ©acridines. (b) 4-Aminoquinolines. (c) 8-Ami noquinolines, 
(d) Derivatives of Pyrimidine and Biguanidine. 

at. (a) What are the main pharmocological properties of chloroquin 7 

(Delhi B.Sc. Hans, 1982 ) 
(b) Give the synthsis of chloroquin. (Delhi B 5 a 1982 ) 

аа. (o) What are antipyretica ? Can antipyretics be analgesics ? If yc$, 
give an example. 

(b) What are different types of analgesics ? Give examples. 

13. How can paracetamol be prepared ? Why is this drug widely usrd 
as s useful alternative analgesic to aspirin and phenacetin 7 

[Delhi B.Se, Hans. 1982) 

14. Write the structure of phenylbutazone and give the ayntheaia of 

phenacetine. Give the uses of aspirin. (Delhi B.Se. 1982 ) 

>S* (0) What are different types of Tranquillizers ? Give examples. 

(b) WV at are hypnotics ? Give one example. 

аб. What are Psychedelic drugs ? Give two examples. 

37. What is a local anaesthetic 7 Give one example. 
aB. What are antiseptics 7 Give two examples. 

39. What are disinfectants 7 Give two examples. 

30. What is the difference between an antiseptic and a disinfectant ? 

31. What is the mode of action of antiseptics and disinfectants 7 
3a- What is the function of a birth control pill T 

33. Name two drugs UBed as birth control pills. Give the compos i ti o n 
of each. 

34. Name the action of the following drugs 

(a) Aspirin, (b) Penicillin, (c) Phcnacetm, 

(d) Morphine, (e) Analgin, (f) Meprobamate, 

(g) Tofranil, (h) Lummal, (i) L8t>, 

35. What is the difference between a pep pill and birth control pill J 

36. What are plant pesticides 7 Which different types of pesticides 
you are familiar with T 

37. What are tfe following ? Give two examples of each 

(a) Insecticides, (b> Herbicides, (c) Fungicides and fd ) Rodeniicidea, 
3$. How is DDT prepared on a large scale ? (Delhi B.Se. 1982 ) 
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Polymers 


1. Polymeriaation.—When ethylene is heated under presmre 
with oxygen, the product is essentially an alkane with a very long 
chain and very high molecular weight. It is made up of many ethyl¬ 
ene units and is, therefore, called polyethylene {poly=many) —a fami¬ 
liar plastic material used in making polythene bags. 

Joining of small molecules to make very large or macro molecules 
is termed polymerisation. The compound composed of these very 
large number of molecules is called a polymer (Greek: poly+ 
meros= many parts). The simple compounds from which polymers 
are made are called monomers. 

O a , heat 

n CH i **CH l —■ ■ ..CH,—CH,—.. 

Ethylene pressure 

(monomers) or (— CHg—CH a — 

Polyethylene 
(a polymer) 

Two monomer units combine to give a dimer. Three such 
units combine to form a trimer. Similarly, a tetmmer is made up of 
four monomer units whereas a pentamer is made up of five such 
units. 

Monomer A 

Dimer A—A 

Trimer A—A—A 

Tetramer A—A—-A—A 

Pentamer A—A—A—A—A 

2. Copolymerisation.—A polymer pbtained from any pure 
monomer A, is a homopolymer, poly A. 

—A—A—A—A—A—A— 

Similarly, another monomer B on polymerisation gives another 
homopolymer, poly B. 

—B—B—B—B—B— 

If, however, we start with a mixture of two monomers A and 
B, this on polymerisation gives a polymer containing both the 
monomers A and B such as 

—A—B-A—B— 

—A—B—B—A—B—B— 

Such a polymer is called copolymer In a copolymer, there is 
a nearly perfect alternation of monomer units and its properties are 
determined by the ratio of A to B. Its properties are different from 
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•ad often superior to those of poly A and poly B. For example, 
synthetic rubber obtained by polymerisation of styrene is found to 
M bard thermoplastic with little elasticity and the one obtained by 
polymerisation of butadiene is equally unserviceable. However, a 
L-to-3 copolymer of styrene and butadiene has been found to be 
• very useful product possessing properties very much like those ol 
natural rubber. 


CH,-CH—CH=.GH, + CH.-CH 
Butadiene t 


(1 molecule) 


Q 


+CH, -CH—CH -CH, 
+CH,=CH—CH=CH, 

Butadiene 
(2 njleculei) 


—CH,.CH=CH.GH,.CH 1 .C.GH,.GH=C3H.CH 1 .GH i .GH=CH.GH* 


Styrene-butadiene rubber (SBR copolymer) 

3. Importance of PolymersPolymers are today one of 
the most important product* which surround us in every walk of 
life. Proteins and carbohydrates are natural polymers and are 
Important constituents of our food. Synthetic 'fibres, resins, plas- 
tics, natural rubber and synthetic rubber—the blessings of modern 
researches in chemistry, are all polymers. These play an extremely 
important role in our daih life By use of plastics blind persons can 
be made to see and cripples enabled to walk. Internal damaged 
organs like heart valves ca i be repaired and some like trachea and 
ureter even replaced. 

4. Types of Polymers.—On the basis of their structure, 
polymers are of three types • 

(a) Linear Polymers, These consist of extremely long chains 
of atoms. These chains may be slightly branched but are not linked 
laterally to other chains. These may also be termed one-dimensional 
polymers. Examples of linear polymers are polyethylene and 
polyvinyl chloride. 

(A) Network or Sheet Polymere. Those polymers in which 
long chains of atoms are linked laterally to other similar chains to 
form networks are termed network or sheet polymers. Their 
molecules are essentially two dimensional having great length and 
breadth but not very thick. 

(c) Three dimensional Polymers. Those polymers in which 
chains are cross-linked to give a three-dimensional network solid are 
termed three dimensional polymers. Bakelite (phenol-formaldehyde 
resin) is a common example of this type. 
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5. Types of Polymerisation Reaction -Polymerisation is 
of two types: 

(a) Chain reaction Polymerisation or Addition Poly¬ 
merisation. It involve* a tenet of reactions each of uAidt consumes 
a reactive particle md produces another similar one. The readies 
particles may be free radicals, cations or anions. Polymerisation of 
ethylene given rralirr is an example of addition polymerisation. It is 
an important reaction of alkenes and conjugated dienes—and indeed 
of all kinds of compounds that contain carbon-carbon double bonds. 
For example, vinyl chloride polymerises to yield polyvinyl chloride 
in which chlorine atoms arc attached at regular intervals, 
peroxides 

i CH,—CH ' > a .. .CH,—CH—CH,—CH—CH,—CH... 

tii ti ci a 

Vinyl chloride 

or (—CH,—CH—)„ 

a 

Polyvinyl chloride 

Polyvinyl chloride is termed an addition polymer. It is 
used in making phonograph records, plastic pipes. It is plasticized 
with high-boiling esters ior making raincoats, metal coatings and 
upholstery fabrics. 

Some common addition polymers have been listed in Table 12‘t. 

lUb 12*1—Som Common Addition Polymers 


Rapmlngttfa 

Polymer 

Um 

(M—p—r) 

_(rsmmie Name) 


CH.-CHC1 

Polyvinyl chloride 

PVC sheets, water pipes. 

Vinyl chloride 

(PVC) 

hoses, handbags 


Polyethylene 

Coats, wire insulators. 

Ethylene 


baps 

CHj*CH 

Polystyrene 

Combs 

<Lh. 



Viaylbeniene 



—Styrene) 



CH.-CH 

Polyvinyl acetate 

Latea paint 

| 

OOCCH, 



Viayl acetate 



CH,—CH—CN 

Polyacrylonitrile 

Rug fibres 

Acrylonitrile 

(PAN) 


CH.-CH—CH-CH, 

BUNA 

Tyres and howa 

1, 3-Butadiene 

rubbers 


CF,-CF, 

Polytetrafluoro- 

Insulators 

Tetrmfluoroethyleoe 

ethylene (Teflon) 

and bearings 


There are three possible ways in which addition polymerisation 
cm occur s 
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(») Head to Tail ; 

—GH a —CHY—CHi—CHY—CH 9 —CHY 
H T H T H T 

[it) Head to head to Tail to tail: 

—CHY—CH, -GH,—CHY—CHY—GH 1 —CH a —CHY— 

T ■ H H T THH T 

(tii) A random arrangement involving both (i) and (n). 

Experimental evidence shows that head to tail union is the 
most favoured in polymerisation reactions. 

(ft) Step-reaction Polymerisation or Condensation 
Polymerisation. It involves a series of reaction* each of which is 
essentially independent of the preceding one . Formation of polymer is 
possible simply because monomer happens to undergo reaction at more 
than one functional group . Carboxylic acids react with amines to form 
amides and with alcohols to form esters. When an acid that contains 
more than one —GOOH group reacts with an amine that contains 
more than one —NH a group, or with an alcohol that contains more 
than one —OH group, then the products are. polyamides and 
polyesters. For example : 

HOOC.(CH|),.COOH + H,N(CH,),NH 4 -+ Salt 

Adipic acid Hexaraethylene- I 

diamine Iieat [ — H*0 

+ 

H H H H 

...C(CH,) 4 C—N(CH,),N—C(CH,) 4 C—N(CH,),li... 

ID II 

o o o o 

Nylon 66 {A polyamide) 


CRJOOCV > V)COOCH,+HOCH i .CH,OH 

Methyl terepmhalate Ethylene glycol 


add or hue 
—CH.OH 



Terylcne or Decron {A polyester ) 


These are examples of condensation polymerisation since 
mfipftmrx molecules are combined with the loss of simple molecules, 
t.p„ water, methanol (as in above cases), etc. 

These polymen are termed condensation polymers and are 
used in the manufac ture of synthetic fibres and threads. 


Some common condensation polymers have been given in 
Table 12 2. 
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TaUa 12*2—So— Cnmm CoMtaualtea Polymers 


Newer 

DMaSed 

Poly—r 

Uses 

1. Henmcthylen*. 
diamine+adipk 
•okl 

H,0 

Nylon 66 

• 

Hosiery, 
fabrics, ropes 

2. Ethylene glycol 

4-dimethyl 
tercphthalate 

CHsOH 

Terylene or 

Dacron 

Fabrics 

3. Maleic anhydride 

4- Methylene glycol 

H,0 

Alkyl plastic 

Adhesives, 
cements, floor 
finishes 

4, Formaldehyde 
4-Urea 

H t O 

Urea-form alde¬ 
hyde resin 

Adhesives, 
toys, buttons 

5. Ethylene glycol 4* 
ethylene diisocy- 

H,0 

Polyurethane 

Paints, fibres, 
heat insulation 


6. Mechiniim of Chain-reaction Polymerisation.— 

Polymerisation, say of a vinyl monomer, proceeds in the presence of 
a variety of reagents termed initiators. These are used up during 
the reaction hence cannot be termed catalysts. An initiator initiates 
a reaction by forming some reactive species, such as an ion or a 
free radical which can add to a double bond forming a new ion or 
a radical. The new ion or radical can, in turn, add to another 
monomer and thus a chain reaction starts. Depending upon the 
chemical nature of the growing polymer chain, "'dymerisation is 
of two types : 

(а) Free Radical Polymerisation. These are polymerisation 
reactions started by initiators which produce reactive free radicals 
at a controllable rate. 

(б) Ionic Polymerisation. These are the polymerisation re¬ 
actions brought about by initiators which produce ions responsible 
for the chain reaction. The ion produced may be a carbocation, 
R+ (a cation) or a carbai ion : R~ (an anion). Depending upon the 
nature of the ion, therefore, ionic polymerisation is of two types : 

(s') Cationic polymerisation. It is a chain reaction propagated 
by cations (positively charged ions). 

(it) Anionic polymerisation. In this the chain reaction leading 
to polymerisation is propagated by anions (negatively charged ions). 

7. Free-radical Polymerisation of Alkenea usd Dimes. 
—During polymerisation of alkenea the presence of a small amount of 
aa Utiatar is necessary. Commonly known initiators are peroxides 
and the polymerisation pro ceeds via a free-radical mechanism in the 
following steps: 
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Peroxide —► Rad. 1 

Rad' 

1 R J 

Rad—CH,—CH +CHr-CH —>■ Rad—CH,—CH-CH,—CH‘ 

It it 

C H f ~CHR 

-v Rad— [CH,—GH]n—CH*—CH’ 

Repeatedly I I 

R R 

chain-propagating steps 

Various chain-termination steps will be union or disproportiona¬ 
tion* of two radicals that consume but do not generate radicals. 

Union 

2 Rad—[CJH,—CH]*—CH a —CH'-* 

i i 

R R 

Rad— [CH,—CH].—CHj - CH- CH-CH,- [CH- CH J.-Rad 

1 ILL 

Disproportionation 

2 Rad- (CH,—CH]n-CH,—CH-- 

L R 

2 R ad-[CH.-CH].-CH,—CHj-i-Ra—[CH,—CH] —CH= CH 

11 I J 

R R R R 


Like substituted ethylenes, conjugated dienes also undergo free- 
radirnl polymerisation. For example, 1, 3-butadiene gives polybula- 
dir .e. 

CH.-CH-CH-CH, —► [—CH,—CH-CH—CH,—]■ 
1,3-Butsdieoe Polybutadiene 

1 he reaction is supposed to proceed as follows : 



MD — CHf~CH=CH—CH—CH—CH—CH—CH ,• so on 

Such a polymer differs from polymers of simple alkenes in one 
very important respect—rach unit still contains one do uble bond, 

~~ Problem, Free-radical polymerisation of 1,3-butadlena gives macro- 
molcules containing the following two types of units : 

Clf Cnft 

...omCH-CHCH,... »a . 

Their exict proportion depends on the temper.ture. How can yon 

Kcount for the two types of units, __ 

i^hlKlen ra. These are substances which retard or inhibit the 
.ui. reaction by combining with the free radical to produce 
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vi inactive poduct which cannot continue the chain reaction. 
Thu* each time a free radical is degraded, the growing chain i* 
terminated. Common substances which find use as inhibitor* are 
quinones, iodine and oxygen. Inhibition by benzoquinone can be 
explained as follows : 


O 

I 

R * d + (M) 

Free 

radical ij 

O 

Brnzoqumone 


OR OR 



Resonance stabilised radical 
incapable of adding to monomer 


Sir u) oxidation of monomers produces peroxides which act as 
initiators and thus cause polymerisation of the monomer during 
storage. To prevent this premature polymerisation of vinyl mono¬ 
mer!, these are always mixed with inhibitors before storing. 


Transfer Agents. Properties of a polymer depend 
upon the length of the chain . This is controlled with the help of 
certain reagents which can interrupt the growth of a particular 
chain. However, the products obtained are capable of starting 
fresh chains. Thus the overall rate of polymerisation remains 
unchanged but the average length of the chain or the average 
molecular weight of the polymer decreases . These reagents employ¬ 
ed to regulate the molecular weight of the polymer are termed 
chc*n transfer agents (also termed telomere). Some examples of these 
are toluene, carbon tetrachloride and mercaptans. Ine action of 
a chain iransfei agent, say CC1 4 , can be explained as follows : 


Rad. + 
Free radical 
in the existing 
chain reaction 

pi n. x PH 

New 

radical 


CC1 4 -► Rada + 

*CCl a 

chain (previous chain 

New 

transfer terminated) 

radical 

agent 

produced 


CH.-CHX 

=rw m_r_rn_nH 

i 


X X 


Monomer 



(Fresh chain reaction started ) 


so on 


Thus various ways in which the molecular weight of the poly¬ 
mers can be controlled are : 


(i) By decreasing the concentration of the initiator . In the pre¬ 
sence of large concentration of the initiator, the number of chains 
suited will be large and controlling their growth will be difficult 
As a result, the molecular weight of the polymer will be large. 

(if) By the use of inhibitors , like quinore. 


(m) By adding chain transfer reagents like CCU and mercaptans. 
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Polyethylene obtained by the free-radical process has a highly 
hranched structure due to chain-transfer of a special kind, in which 
a polymer molecule itself acts as a chain-transfer agent. 

H 

I ...CHjCH, 

... CH a CHCH a CH a ...-► ...CH s CH a + 


CH 2 

GH a 

CH.^CHa | 

...CH a CHCH*CH a ...-► ...CH a CHCH a CH a ...-*ctc. 

The branch thus planted grows at the point of attack. 

8. Ionic Polymerisation. —In addition to the free-radical 
polymerisation discussed above, polymerisation may involve inter¬ 
mediate ions (cations or anions) in the presence of suitable catalysts 
as illustrated below : 


(a) Cationic polymerisation. This is believed to take 'place in 
the presence of acids, e.g H s S0 4 , HF or Lewis acids such as 
AJCig, SnCJ 4 , BF a . Cationic catalysts are usually eUctrophilic reagents 
which acquire a share in a pair of pi electrons from the double 
bond of the monomer. The polymerisation proceeds via the forma¬ 
tion of carbocation as an intermediate as shown below : 


Y+ 

An acid 

(An electrophile) 


+CH.-CH 


a 


Y—CHj—CH 


A 


Carbocation 


(Initiation step) 


Y—CH,-?h+CH,—OH —I 

A A 


Y—CH,—CH —CH,- 

A A 

and so on 

(Propagation steps) 


' The chain termination step consists in the loss of a proton result¬ 
ing in the formation of a double bend at the end of the chain . The 
resulting molecule becomes deactivated and the chain reaction stops. 
- © —H + 

Y—[CH,—CH],—CH,-CH-► Y—[CH,—CH]^CH=CH 


A 


I 

G 


(Termination step ) 


A 


j 


Dimerisation of isobutylene at elevated temperatures in the 
presence of 60% H a S0 4 to form 2, 4, 4-trimethyl-2-pentene is an 
example of Various stepj involved therein as given on page 1’149. 


For successful polymerisation by the cationic process, electron- 
releasing groups should be attached to the carbon atom with the 
double bond in order to stabilise the developing carbocation . This 
il the reason why ethene dots not pol)mcrise by this process but 
isobutylene does. 

TOC-IIL3 8M6 
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(6) Anionic polymerisation. It proceeds via the formation of 
a ca i ban ion. The chain is initiated by the action of a strong electron 

donor (Z ;) on a monomer to form a carbanion. The commonly 
used base is sodamidc. The chain then propagates and terminates 
as usual. 

© 

—* Z—CH,—CH: {Initiation step) 

i 

A carbanion 

© f\ Ck 0 

Z—CH,—CH : +CH,™CH -► Z—CH,—CH—CH,—CH: 

(I d i g 

and bo dd 


© r\ r\ 

Z : +CH.*CH 
A base ^ 


- ->Z—[CH,—CH]„—CH,— CH 
G G 

In tfce termination step the c?rbanion takos a proton or a 
cation. 

© H+ 

Z—[CH 2 -~CH]„-CH : Z—[C1I 8 GH]„~CH 2 -CH* 

i i i 

g G G 

Carbanion Polymery 


Just as cationic polymerisation requires electron-releasing 
groups in the molecule to stabilise the intermediate carbocation, the 
anionic polymerisation takes place with monomers which possess 
electron- attracting groups like CN f COOR, Cl, etc. 

9. Ziegler-Natta Polymerisation.—Ethyl* ne and propy¬ 
lene polymerise only at high temperature and pressure. Karl Ziegler 
and Natta put forward in 1963 that the polymerisation could be effect* 
id in an inert solvent at moderate pressure in the presence of stereo - 
specific catalysts, e.g metal compounds such as TiCl 4> Zr(OR) 4l etc,, 
together with co-catalysis such as R 3 Al, LiA!H 4 , etc. A typical 
Ziegler catalyst is TiGl, and (C a H a ) a Al. The product is usually 
a mixture of predominantly the stereospccific products. The polymer 
differs considerably fiom high pressure polymer. Thus polythene 
obtained by this method ha* molecular weight varying from 10,000 
to 3,000,000, contains unbranched chain molecules and is more 
crystalline than high pressure polythene. It lias higher density, 
higher sofepning point and is tough and flexible. It is inert to acids, 
alkalis and solvents. Since it is an excellent electrical insulator 
and can be readily moulded it is used for piping and for coating 
cables. 


2nCH a —CH * CH* 

Propylene 


TiC1 4 + 

(C,H § ),A1 

-> (—CH—CH*—CH—CH *—V 

10 atm; 270K I | 

inert solvent CH, CH, 

(hexane) Polypropylene 
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Polypropylene obtained by this method is stronger and lighter 
and has higher softening point than polyethylene. It is used for 
making wrapping films and ropes. 

The mechanism of Zeigler-Natta polymerisation is not clearly 
understood. It appears to occur with the insertion of alkene mole¬ 
cules into the bond between metal and thr growing alkyl group. 
For example, formation of polyethylene piocoeds as under : 

M*—CHjCH a -» M~CH 2 CH 2 CH,CH 3 -► 

^CH a =CH 8 ^CH 2 =GH^ 

M-CH 2 CH 8 CH 2 CH 2 GH 2 CH 3 -► etr. 

^CH 2 *GH 8 

Possibly the carbaniona are held by the titanium atoms in the 
catalyst surface by coordination and hence thin mode of polymerisation 
has also been named as coordination polymerisation. In recogni¬ 
tion of this work Zeigler and Natta were jointly awarded Nobel 
prize in chemistry in 1963. 

10. Stereochemistry of Polymers. —Physical properties 

of polymers are influenced not only by the nature of the atoms 
composing theii chains but also by the $iz» % shape and cross-linking 
of these chains . Stereochemistry of the polymer* is, therefore, very 
important. Polvanccharide, and proteins o^cuirmg in nature are 
optically active and their configuration is fixed bv the biochemi¬ 
cal process from which they originate. Similarly, natural rubber 
has been found to be only cis compound rather than a mixture of 
ihe different possible geometrical isomers. The original configura¬ 
tions of these polymers are largely retained in their commercial 
applications. 

Neoprene, polystyrene, etc. are synthetic vinyl polymers of the 
general type, 

H H H 

w I * I * I 

—CH 2 —C—CH 2 —C~CH a — C—CH r .. 

i i i 

XXX 

in which X-=CN, Cl, C,H 6> CH„, etc. 

In these, every other carbon atom (marked by asterisk) is 
asymmetric. These substances, as usually produced, are probably 
heterogeneous mixtures of all possible configurations spread irregu¬ 
larly along the chain. 

Propylene could polymerise in any of the following three 
arrangements : 

(i) isotactic with all methyl groups situated in one side of an 
extended chain ; (ii) syndiotactic, with methyl groups alternating 
regularly from side to side and (tsi) atactic having methyl groups 
distributed at random along the chain (Fig. 56'1). 
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With the help of coordination catalysis, it is now possible to 
nolytnerise isoprenc to a material virtually ilcmcal with natural 
rubber (cis- 1 , 4-poly isoprene). 


.CH,' 


CH,, 


CHj H 

V/ 

/ Ul*|y 

y X CH, C-C 

CH, / ' n H 

Natural rubber—/4// cis-configuration 


/CH. n 


CH t H 

\ / 
C^C 

CHg/ N < 


CH, 


II. Plasticity .—The word plastic is misleading, as the com¬ 
mercial products are usually hard, sometimes rigid and sometimes 
flexible. They are definitely not plastic. Shape of certain substances 
like sealing wax can be changed under pressure, especially when hot. 
They are, however, sufficiently viscous to retain shapes of their own, 
especially when cold. This property is termed plasticity. Commer¬ 
cial plastics have this property at some stage during their maniH 
facture. 


12. Types of Plastics. —There are two main types of plastics 
in industry called (i) Thermoplastic plastics, and (n) Thermosetting 
plastics. 

(o) Thermoplastic plastics. These have long polymer chain 
mth feu>j if any t chemical bonis acting as cross links between the 
\kains. This is shown schematically in Fig. 56 2. 



Fig. 36 2—Schematic representation of thermoplastic 
plastics with a few cross-links. 

Such polymers when heated become soft and more or less fluid 
and then'ean be moulded into useful shapes. 

Cross-links are extremely important in determining the physi¬ 
cal properties because they increase the molecular weight and limit 
the motion of chains with respect to one another. 

A thermoplastic plastic when heated repeatedly will soften and 
Jfa ts and when cooled , it harden ?. Thus it uiirr'jozs reversible 
changes when heated and cooled . Polystyrene is an example of 
thermoplastic plastics. 

(6) Thermosetting plastics. These are normally semi-fluid 
substances with low molecular weight On heating in a mould they 
become highly cross-linked, thereby forming hard, infusible and in¬ 
soluble products having a three-dimensional space network of bonds 
interconnecting the polymer chains (Fig. 56'3). 
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UNCROS$-UNKED POLY/nEQ 



(HEAVY LINES ntMESENT C80SS UMCS) 


Fig. 56 * 3 —Schematic representation of the conversion of uncross- 
linked polymer to a highly cross-linked polymer. 

A thermosetting plastic cannot be softened by reheating . 


13. Plasticizer?. —Many times a plastic such as polythene 
turns out to be too stiff for its intended application. Chemists have 
found that the addition of certain compounds called plasticizers can 
render the polymer more flexible. The strw ture of a polymer 
largely determines its flexibility. Polymer chains are intertwined 




Fig. 5fi'4—Schematic representation how a plasticizer works. 

and somewhat aligned in the solid state and hence the polymer 
lacks flexibility. Plasticizers fit between the polymer chains and 
thus weaken the attractions between the chains , thereby increasing 
the flexibility , 

14. Classification of Resins and Plastics.—In industry 
upfabricatexLmaterial jffi called the resin while the fabricated product 
is termed a plastic. They have been arbitrarily classified on the 
basis of their composition and source as follows : 

Phenol-Forts aide by d« Resin (Bakelite). phenol and for¬ 
maldehyde undergo condensation polymerisation under two different 
conditions to give resins. 

(а) In presence of dilute acids, the two react to give thermth 
plastics called notoloks used for the manufacture of cements, 
varnishes and laminated materials. It is pmbably a linear polymer. 
The leaction is known as Laderer-Manasse u action (For mechanism 
see page 2 608). 

(б) In presence of alkalis mol is formed which is a thermo - 
plastic material used in the manufacture of adhesives. This too has* 
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long chain macromolecule* but with many unuaed CH.OH group*. 
OH OH OH 


>■< CH 9" 


Q-on.-Q^K.-Q-CH. 


CH.OH Resol 


CH.OH 


Acid-catalys' J 


H\ + [ H\ 9 Jf\ ® 

yc=n + H^=± \f=0H •*—► )C—OH 

H IV W 


c F c 



OH 


© 

CH,Off 



:0H 


cnph 

Lidt rer-Muiasse reaction 


~/T 



CHjOH 


Base-catalysed 



Phenoxide is a spec ies which can lay claim to be a carbanion only 
because of the ir delocalisation that results in the transfer of nega¬ 
tive charge fro*n oxygen to carbon in the phenoxide ion. 



On hcoting cross Itnknges arc formed ivvth formation of a three • 
dimensional therjnosetting resin, bakehte Phenol is a polyfunctional 
reactant having one para and tv%o ortho positions open to attack. 
During moulding further condensation onurs in which new methy¬ 
lene groups derived from the uncondenscd CH,OH groups form 
cross links between mojecular chains resulting in a three dimen¬ 
sional lattice 

TnJuncUotial monomeis yield thermoplastic resins and pol y- 
funclional monomers product thermosetting resins . 



na 



Bukel te—a three dimenuonat thermosetting resin 


Procedure. Novolak is prepared, mixed with fillers like 
HM>od flour and 12-14% hexamethylenetetramine and heated. The 
latter when heated is a source of HCHO and catalyst NH,. 
The aldehyde gives rise to new methylene bridges resulting in cross- 
linking to give a three-dimensional polymer. 

(2) Urei-Fornuldcbyde Resins. Urea and formaldehyde 
react to give resins which are widely used in the manufacture of 
crease-resisting textiles, adhesives, plywood t moulding powder, 
sting paper and fibres. 

These are prepared by dissolving urea in aqueous formalde¬ 
hyde below 280K and affecting condensation at about 400K. 
Water is removed under reduced pressure. The primary condensa¬ 
tion products are monomethylol urea which can be abtained 
at room temperature and dimethylol-urea which can be obtained 
at 330K in neutral or slightly alkaline solution. 

Room temp. 

NHjCONH, + CH*~0-> H 2 NCONHCH a OH 

MonomethyJoIurta 

330K 

NH.CONH, + 2CH,*0--* KOCH^HCONHCH»OH 

neutral or Dimeihylolurea 

slightly alkaline 

4- 2 NH.CONH, 

-►NH t CONH- CHsNUCOKHCH,- NHCOKH, 

NHjCONH, 

--- NH,CO (NHCHgNHCO). NHCH.OH 

+ HCHO Polyajer chain 
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The — NH— groups appearing in the linear polymer become 
[the sites of new interactions with HCHO which cross-link the Linear 
Nrhain into a network of high molecular weight. This can be repre¬ 
sented schematically as follows : 


* NH " 

CH.O 

— N - 

+ 

i 

1 

H 

i 

-H.O 

CH 2 

1 

i 

-N- 


1 

~N- 


Depending on the conditions employed the polymerised pro¬ 
ducts may be water soluble resins, water insoluble but thermoplastic 
or thermosetting plastics. 

It is a colourless resin which is mixed wish fillers like wood 
flour, or cellulose pulp and desired dye before moulding. These are 
valued on account of their hardness, resistance to wear and stable 
colour. 


(3) Polymer resins, for example, vinyl resins, amyloid 
resins, teflon and polystyrene. Some of these are discussed below: 

(i) Tefl on. Teflon is a polymer of tetraflouroethylene 
(CF 2 »Cf z )7The monomer is prepared by the action of hydrofluoric 
acid and antimony trifluoride on chloroform,. 

SbF. 1O70K 

CHClfl-CHF 2 C1-► CF f * CF- + 2HC1 

HF 

This on polymerization gives teflon. 

870-1020K 

n CF.^CF, - (—CF.—CF a —)» 

Tcfrafluoroethylene Teflon 

It is a thermoplastic polymer with a high softening point 
(600K). It is very tough and difficult to work. It is inert to most 
:hemicals except fluorine and molten alkali metals. It is non-inflam¬ 
mable and not attacked by concentrated acids and alkalis. It 
withstands high temperatures. Its electrical properties make it an 
ideal insulating material for high frequency installation. 

(ii) - Nylon- 66 . Nylon -66 is a condensation copolymei formed 
by the reaction between adipic acid [HOOC(ClI 2 ) 4 .COOH] and 
texmmfethylenediamine [H 2 N.(CH 8 ) 8 NH,]. Both the monomer 
inits consist of 6 carbon atoms and is, therefore, named nylon- 66 . 

O O H H 

ii n i I -h.o 

HO—C.(CH,) 4 C—,OH + H]—N.(CH a ) a N—H-► 

H H H H 


...C(CH 1 ) 4 .C-N.(CH B ) a N-C.(CH>) 4 .C-N (CH a ) fl N. 

DR II II 

o o o o 


Nylon-66 [a condensation copolymer) 
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Adipic acid is obtained from pher.al while hexamet'.iylene- 
diamine is obtained from butadiene. 



OH 

H,/Ni r^i |0] * 

-\U .U 


[O] 


HNO, 

Cyclohcunol Cyclohexanone 

HOOC-(CH,)—COOH 

Adipic a;id 


Preparation of he xamtthylenc diamine 


Cl, 

CHj^CII—CH=C!H, -*> OHj—CH-C1I— CH, -+- I : 


Cl 

H,/cat 

CH,—CH,—CH,—CH, <- 

I I 

CH,NH, CH,NH, 

Hcxamcthylenediaminc 


\ Cl 
NaCN 

CH,—CH-CH—CH, 

i I 

GN CN 


"•addition 

product 


Tt is a thermopjaslic polvmer, When extruded ab ivr its 
melting point (5T6K) through spinneret, it give nylon fibre which is 
extremely tough and resistant lo iriction. It possesses gieater tensile 
strength, elasticity and lustie than ant natural fibre. Tt i*> chem¬ 
ically inert and is fabricated intr> sheets, bristles and textile fibres. 


(•it) gerlon L o r Nylon Jb A |>olyamide close]v related to 
nylon known as perlorfX {Germ an v) or as Nvlon-f (USA) is pre¬ 
pared by prolonged heating of caprolaLtuni at *>30-540K- 

C&proiaitum is obtained by Beckmann rearrangement <d 
eydohexarone oxime, 


OH 


O 


NOH 


Q I- 1 , O 

Cyclohexane Cyt^hexanol Cyclohexanone Cytlohexanone-oxim 


h,so 4 

-» 

Beckmann 

earrangement 


,-Nil r 4hK 

U'H,), | -- -+ Nll-'CHj^C-NH * 

-C* 0 il fl 

o o 

Nylon h (Perlrn L) 


Ca pro lactam 
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Beckmann rearrangement. Kctoximes on treatment with reagentB like 
POg, H 9 SO«, H|P 0 4 , etc. undergo Beckmann rearrangement to form kn acid 
amide. 

Ar.C-NOH-► ArCONHAr 

Ketoxime Acid amide 

The rearrangement is intramolecular involving 1 , 2 -shift as follows i 



► R HO R 0 X A 

V V V 

-1 I —- I 

N 


X 

/ 


R 


./ 


C 

II 

N 


C 
NHR 


(When PCI, is used, replace OH, by OPC1,) 

It has been demonstrated that it is always the onff-H gt&np 
that migrates in the Beckmann rearrangement . 

This rule will be illustrated by the following products of the reaction 


c,h *x c / ch > 


n 

:N. 


\ 


OH 


^■Nc/ 


CH, 


HO 


/ 


I 

N. 


I 

NHCaH* 

Acetanilide 

C,H B being anti-R has ttlfgrkttd) 

I 

NHCH, 

Af-me 'hylbenziifilde 
(CH, being anti-R has migrated) 


The fibre is practically identical to Nylon in properties. 

(rv) Dacron .. A polyester of teiephthalic acid and ethylene 
glycol is used in the production of the synthetic fibre. This fibre 
has wrinkle resistance and dimensional stability. It is resistant 
to moth, mildew and abrasion. The polymer is made by an ester 
exchange reaction between methyl terephthalate and ethylene glyool* 




t acid or base 

CH.OOC( / \)COOCH,+HO CH,. CH.OH-- 

\ / Ethylene glycol —CH.OH 


mmIivI lereohthalate 
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Dacron (.! Polyester) 

This ia an example of conderuation polymerisation since 
monomer molecules are combined with the loss of simple molecule, 
methanol. 


(?) Surra. It is a copolymer of vinylidene chloride (85%) 
a n d vinyl chloride (15%). ft has a very high molecular weight of 
2 ,000 which is comparable to that of vinyon. Its softening point 
b^eonsiderably high (390—-41 OK). Fibres for dress material can be 
obtained by melt-spinning, immersion in hot water (to prevent 
crystallisation) and mechanical stretching. 

(?/) ^Orlon fibre (U SA). It is made from polyacrylonitrile. 
It is insoluble In commorfwl vents but dissolves in N, 7 V-dimethyl- 
fbrmamide, N, N- dime thy lacetamide, Nitrophenols, etc. The fibre 
has unusual dimension stability in the dry and wet states. It has 
excellent resistance to sunlight, outdoor exposure, micro-organisms, 
adds and solvents. It can be made to look like silk or wool. The 
textiles feel warm to hand. 

2*CH f ==CH.CN-► ... fCH a —CH—CH B —CH"| ... 

II II 

L GN CN J n 

Orion 

m Dyncl or Vinyon N. It ia a copolymer of acrylonitrile 
and vinyl chloride con taming about equimolar quantities of the 
two monomers and can be spun into a fibre from acetone solution. 

(rill) Acrilon. It is polyacrylonitrile modified with vinyl 


(/*) Vinyl fibres. Polymer derived from vinyl chloride] and 
vinyl acetate were developed as plastics and resins but later^the 
technique of emulsion copolymerisation was found applicable to'the 
production of a variety of vinyl copolymers useful as fibres. 

Vinyon is a copolymer of vinyl chloride (88%) and vinyl 
acetate (12%). 


CH,=*CH.C1+CH,-CH.OCOCH, 

r —CH,—CH—CH,—CH—CH,—CH—"| 

—► ] I I I J 

l Cl OCOCH, Cl Jo 

Vinyon 


(891 


m is highly resistant to chemicals but its low 
.) limits its use as a textile fibre. 


softening point 


(z) Polyethylen e (...CH,—CH,...).. Polymerisation of 
■quid ethylene at high temperature and pressure gives a resin of 
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lour softening point (383K). It can be melt-spun or moulded. The 
material Is tough, flexible and highly insulating and water resisting. 
It is unique in having low specific gravity (0*22). It is used fir 
electric insulation. 

»CH,= CH,-► (...CH,—CH,...), 

Polythene 

(*/) Polypropylene. The linear polymer obtained by treat¬ 
ment of propylene With the Zeigler catalyst is a crystalline malarial 
that shows much promise in the manufacture of wool like fibre. 

(xii) Polystyrene. It is obtained by linear polymerisation 
of styrene in the presence of peroxides ( e.g ., dibenzoyl peroxide) or 
sodium or on exposure to sunlight Styrene is obtained by dehy¬ 
drogenating ethylbenzene. It contains a conjugated system of 
double bonds- 


C,H*CH,CH i 


ZnO 

-»• C,H,CH=CHj + H, 

870K Styrene 


«C.H S CH= CH, 


...CH—CH,—CH— 

C.H, C,H, 


Cross-linking is introduced to a controlled extent by using 
traces of divinylbenzene. 

CH=CH t 



CH=CH, - ...CH—CH,— CH—CH,—CH— CH*... 



It is a light transparent thermoplastic material with excellent 
insulating properties and good mechanical strength. It is used in 
injection moulding. It has a high tensile strength and does not 
absorb moisture. Its high dielectric constant makes it very useful 
in radio-insulation. It is also used in the manufacture of storage 
batteiy cases, gramophone records, emulsion paints, light weight 
packing materials and a wide variety of household goods such as 
egg boxes and lining materi^Uor^r^Hgerators. 



9*264 


ORGANIC CHEMI9TR i 


(a tili) Polynrcthani. The product of reaction between an 
isocyanate and an alcohol is called urethan, 

O 

RN=C=0 + R'OH RNH—C-OR' 


Diisocyanates like hexamethylene diisocyante and tetra- 
methyicne glycol are both bifunctional and undergo step-reaction 
polymerisation to produce polyurethans. 

O O 

II li 

HO—(CH,)«—OH + C»N.tCH,) l .N=C + HO-(CH,) 4 -OH 

O O 

I II 

-»■ ... O—(CH,) t —O—C—NH (CH,),NH—C—O—(CHj) 4 —O... 

Polyurethsn (Per Ion U) 


It is a thermoplastic fibre and is used in the manufacture of 
combs, etc. The linear pi oduct can react with more of the mono¬ 
meric diisocyanate to give cross-linkages resulting in the formation 
of synthetic rubber which is used in the manufacture of tyres and 

shoe soles. 


fade ) CMvptala or Alhy de. It is a polyester having cross- 
linkages and is manufactured by the action of phthalic acid or its 
anhydride or other dicarboxylic acids on glycrrol. It ir a thermo¬ 
setting plastic and finds use chiefly as coating in the lacquer and 
paint industry. 


GOOH 



CH,OH 
+ CHOH 

I 

CH,OH 


COOH 


H,—CH—CH, 

I 

oco 
I 


* aoo -Q 


COOCH,—CH—CH,— 

1 OCO 

Q 000 " 


—COOCH,—CH—CH t O... 
OCO 



Olyptal reala (A m tk m ) 
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15. Nmtnral Rubber. —Elastomers are substances which 
can be stretched readily and when icleased can retract rapidly to 
their original form. Rubber is a common example oi an elastomer. 


Natural rubber obtained from latex .which is coagulated with 
acetic or formic acid and then subjected to treatment like squeez¬ 
ing, rolling, milling, vulcanizing, etc. 


Properties. Crude rubber is tough, elastic, solid (sp. gr. 
0*915). It is soft and sticky becoming more so with rise of 
temperature. It has low tensile strength and has elasticity over a 
narrow range of temperature. Vulcanisation increases tensile 
strength and helps to retain elasticity over a wide range of 
temperature. Pure rubber is transparent, amorphous solid which 
on stretching or prolonged cooling becomes crystalline. It is 
insoluble in water, alcohol, acetone, dilute acids and alkalis but 
s oluble in ether. It freely dissolves in CS a , CC1 4 , petrol and 
turpentine: 


Structure ; 


(i) Molecular formula . Destructive distillation of rubber 
gives mainly. isopTene and dipentene suggesting the presence of a 
repeating isoprene unit, i e. } it is a polyisoprene with formula 
(CjHg)»». Isoprene on polymerisation gives a rubber-like substance. 
Its molecular weight is ol the order 30 U,UjO. 

Faraday assigned it the empirical formula C 6 H B as early as 

1825. 


\,ii) Presence of one double bond per isoprene unit , is shown by 
the following * 

(а) Addition of halogens and halogen acids to give 
(CiHs® 1 **)" an ^ (CjHgCl)n. 

(б) Formation of ozonide (C|H B O s ji, 

(ill) Head to Tail Linking. Harries found that products of 
ozonolysis of rubber were laevulaldchyde and its peroxide-Haevulinic 
acid t small quantities of C0 2 , HCOOH and succinic acid. 


CH a 


CH, 


O, 


CH a - C=CH—CH Z —CH 2 —C«CH—CH a ... 

CH a CHa 

I I 

m CH .-C-O-CH-CHi-CHa—C-O-CH—CH*...— 


O-O 

OH, 


O- 


nw_Ar»; n 


CH, 

I 


_i_ nwn-riH_ ru _m ... 
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CH.COCH.CH.CHO - - -*• CO, + H06C.CH.CH.C00H 

1 ° 

1 “►CHjCOCH.CHfCOOH 

Laevulinic acid 

(Iv) X-ray diffraction Btudy reveals it being composed of long 
chains of isoprene units arranged in cis form of the double bonds 
(Bunn, 1941!), Gutta-percha, however, has these units arranged in 
trans form. It is hard and has very low elasticity. 



ch 3 h 

Rubber (eti form) 

S-OtA (CAL) 



H 


Gutta percha {trans form) 

Lengths of the chain tepeat units in the two are 8’10A and 
4’72 A. 

Proposed structure is in agreement with IR spectra and 
linear shape of the molecule is confirmed by the viscosity measure¬ 
ment of rubber solution. 

16. Vulcanisation of Rubber.—It is the process discovered 
by Charles Goodyear in 1F93 to modify the properties of natural 
rubber, viz., elasticity, tensile strength, resistance to abrasion 
(friction) and being practically insoluble in usual solvents. 

(a) Hoi mlcanisatlon. Raw dry rubber is heated with sulphur 
(5-8% depending upon requirement), ZnO (5%) — a filler, and an 
accelerator (0'5 to 1%) at 40O-440K for about half an hour. 
More the quantity of sulphur, tougher the rubber becomes after 
vulcanisation, eg., 50% sulphur gives ebonite. In general an 
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vulcanization takes plica at room temperature. Some of 

accdfcraton are ; 

.NHC.H, S S 

HN-CC I R 

\NHC,H, (CH,),N—C—S—Zn—S—C—N(CH*), 

Diphenyl Zinc dimethyl thlocartamste 

guanidine 

ZnO also act9 as an accelerator. 

Heat is not essential, e.g. 9 dipping the article in SgCli dissD- 
Ived in CS a etc. in cold vulcanizes rubber. 

Mechanism of Vulcanisation. It is believed that double 
bonds in natural rubber pernlit formation of sulphur bridges 
between different chains. These cross links remove the tackness of 
untreated rubber. 

GH, CH, 

--CH r-i —CH—CH,—CH,—(d—CH—CH, 

...CH,—C-CH—CH.-CH.-C-CH—CH,... 

<!h, dw. 

Natural rubber 

CH. CH. 

...CH—d-CH—CH,—CH—i-CH—CH,... 

^- -»— 

beat or I 1 

catalysts ...CH—C-CH—CH.—CH,—C-CH—CH... 

<!h, cJh* 

Vulcanized rubber 


The presence of thioether linkages can he detected by their 
reaction with methyl iodide to form sulphonlum iodide 

>S + CH a I-*>S + Me + r 

The function of accelerators is to increase the rate of reaction 
and make vulcanisation.take place at relatively lower temperature. 
SYNTHETIC RUBBERS 

17. Polychloroprene (Neoprene, Dieprene ). Polychloroprene 
was the first commeraaliyJ'Successml rubber substitute manufactur¬ 
ed in the United States. 

It is obtained by free radical polymerisation of chloroprene 
obtained from acetylene. 

a 

CuCl,NH*a Htl , | 

2HC=CH-► CH|»-CH—C=CH—hCH f -C-CH-CH t 

HD Vinylacetylene Chloroprene 

T - r ? i 

CH.-C-CH-CH, t—CH,-<i-CH-CH i —J a 

Chioroprcne Polychloroprone 

Tnr.in.fH.i7 
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It is a thermoplastic and need tiot be vulcanised by heating 
with .'ulpnur but is compounded with other suitable ingredients 
such as magnesia, wood resin and zinc oxide prior to its use. It is 
a good general purpose rubber and superior to natural rubber as 
it ia resistant to the action of air, heat, light, abrasion, chemicals, 
petrol, ozone, alkalis and acids below 50% strength. It is used for 
making transmission belts, printing rolls and flexible tubing emp¬ 
loyed for conveyance of oil and petrol. 

18, Bam RaMbtrs—Butadiene polymerises in the presence 
of sodium to give a rubber substitute, viz., Buna, and was first 
produced in Germany. It it is of two types * 

(a) Buna-N or GBA. (Generalpurpose Rubber Acrylonitrile ). 
It is the synihnlzr rubber obtained by copolyxnerisation of one 
part of acrylonitrile and two parts of butadiene. 

nCH,=CH—CH=CH S + n CH.-CH -► 

I 

CN 

I—CH t —CH=CH—CH,- CH|— CH-J" 

CN 

or I—CH,- CH-CH—CH,—CH,- CH - CH -CH a -CH a -CH-]n 

I 

CN 

It is also known as Per bunan. It is more rigid, responds less 
to heat treatment and is very resistant to swelling action of petrol, 
lubricating oils ard many other organic solvents. Hence it finds 
use in fuel tanks. 

(b) Bona-S or GR j ( General purpose Rubber Styrene). It is 
a co-polymer of three moles of butadiene and one mole of styrene 
and is an elastomer. It is obtained as a result of free radical 
co-polymerisation of its monomers. 

nCiH.CH-CH, + nCH.-CH-CH-CH, —► 

Styrene Butadiene 

[—CH,—CH=CH-~CH 1 — CH—CH,— )n 

C«H| 

Buna-5 

It is generally compounded with carbon black and vulcanised 
with sulphur. It is extremely resistant to wear and tear and, 
therefore, finds use in the manufacture of tyres and other mechani¬ 
cal rubber goods. 

QUESTIONS 

Wm$Tnm- 

I Write short notes on: 

(*) Polymerisation and its types* (6) Polymers ^and their types. 

(e) Fiec-radical mechanism for polymerisation of alkdnes and dienes. 

( 4) Robber and robber substitutes. (t) Vulcanization of rubber. 

1. What do yon understand by ionic polymerisation and stmosaisctjve 



& Oivft the structure of the monomer from *hich each of the foBowing 
polymers would most likely be made * 

(o) Orion (fibre*, fabrics), 

.•.CHiCH(CN)CH|Cli(CK^ -. . 

(*) Serta {packaging film, mat covers), 

--.cw l a^ l cHiCa l ... ; 

(c) Teflon (chemically resistant articles), 

•«iCF|CF|CF|CF|<<i ) 

4. What are plaatics 7 What do you understand by a monomer and a 
polymer 7 Give examples, 

5. What are the two main types of plastics 7 In what respects do they 
differ from each other 7 

(. Write short notes on any three of the following: 

(0 Teflon ; (W) Bakelite ; (in) Nylon ; (Jv) Orion ; (v) Dacron. 

Short Answer Type : 

1. Name the monomers in the following polymers : 

(/) Polythene ; (//) PVC ; (WO Teflon ; (iv) Nylon ; (v) Orion. 

2. What is plasticity 7 

3. What it the effect of heating on (i) thermoplastic plastics, and (ft) 
thermosetting plastics 7 

4. What is a plasticizer ? 

5. What is copolymer 7 What is a condensation polymer ? 

(Delhi B.Sc. Hons, 1982) 

6. Name the monomer in— 

(0 Natural rubber. (rV) Polychloroprene, (Hi) Buna-S and Buna-N. 

7. What do you understand by cross-linking in synthetic plaatics 7 
Explain with suitable example. What is the effect of heat on such plastics 7 

{Delhi B.Sc. Hons, 1976) 

8. Give the stepwise preparation of Teflon. Mention its uses. 

(Delhi B.Sc. Hons. 1976) 

9. Discuss the mechanism oF vinyl Polymerisation. 

(Delhi B.Sc. Hons, 1976) 

10. Write a short note on Polymerisation. (Delhi B.Sc. Hons. Sub. 1977) 

11. Write a shoit note on 'Addition Polymerisation*. 

(Delhi B Sc. Hons. 1977) 

12. Write a brief note on ‘Condensation Polymerisation'. 

(Delhi B.Sc. Hons. 1977) 

13. How will you synthesise the following ’ 

(f) Tcrylene, Ui) Buna-N 7 

Give equations for the leactions involved. (Delhi B.Sc. Hons . 1977) 

14 What arc the thermoplastic and thermosetting polymers 7 Explain 
the difference between them by taking suitable examples of each. 

(Delhi B.Sc. Hons. 1982) 

15. Explain the polar and free-radical mechanism of polymerisation 
of alkcnes. (Madras B.Sc. 1980) 

16. Discuss the mechanism of addition in synthesis oforlon. 

(Delhi B.Sc . Hons, 1978) 

17. (a) What arc estcr-exchange polymerisation reactions? 

(6) Describe the application of copolymerisation in rubber industry 

(Delhi B.Sc. Hons. 1978) 

18. (a) Define syndiotaclic polymers. 

(b) What arc plasticizers ? (Delhi B.Sc. Rous* JW 
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(а) Neoprene (D Nyloo (e) Rayon (4) feAoi. (MMI.&. £ms. fPZ?) 

39. (d) Discuss the mechanisms of cationic and free radical polymeri¬ 
sation. 

I*) Explain the difference between addition and condensation polymers 
living uamplaa for each. 

(e) How U polyurethane roam prepared ? (Delhi BJSe. Baa. 1981) 

U. Row U a»ta-M obtained 1 (Delhi BA. Bom. Ml) 

23. What type of alkene derivatives an polymerised With the help of 
anions and cations as catalysts ? (Delhi B.Sc., Horn. M2) 

23. Ohm in detail the pieperation of a synthetic fibre either from petro¬ 
leum fractions or from coal-tar frictions, as raw materials. 

(Delhi B.Sc. Hone. M2) 

24. (a) What is addition polymerisation and condensation polymerisation? 

(б) Give free radical mechanism for addition polymerisation. 

(Delhi B Sc. M2) 
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“ . C ?™ Smsaadosi.— Colour has always played an import* 
*®* * of man. Dyes and pigments have been an impor- 

tpnt article of commerce since time immemorial. 


1. Colour _ _ 

been an impor- 

. - -Let ns understand 

how do we get a sensation of colour. 

White light is made of seven different colours. These are violet, 
indigo, blue, green, yellow, orange angl red having wavelengths 
between 400 nm and 750 nm. When white light falls on a substance, 
it may be— 

(i) Totally reflected, 

(M) Partially reflected, or 
(m) Totally absorbed. 

When the white light is totally reflected, the substance appears 
white and when it is totally absorbed, the substance appears to be 
black. When a part of die incident light is absorbed and the rest 
reflected, the colour of the substance is the colour of the reflected 
light. If only a single band is absorbed, the colour of the substance 
is the complementary colour of the absorbed light band. Relation, 
ship between the wavelengths of the light band absorbed and the 
visible colour of the substance is given in the table below : 


Wavelengths absorbed 

Colour absorbed 

Visible colour 

(sm) 

( Complementary ) 

406-435 

violet 

yellow-green 

435—480 

blue 

yellow 

480—490 

preen-blue 
blue -gr cep 

orange 

490—500 

red 

500—560 

green 

purple 

560—580 

yellow-green 

violet 

580-595 

yellow 

blue 

595—605 

605-750 

orange 

red 

men-blue 

blue-green 


*■ "“j uk. uauu « icuccica ana bu cue rest are SDSOrOeo, 

the colour of the substance is that of the reflected band. For example, 
if a substance absorbs all the bands except blue, it will appear blue! 
Thus the substance may appear blue— 

(0 either because it absorbs only the yellow^band (wav eleng th 
580*595 nm) of the incident white light and reflects all the rest, 

(U) or because it absorbs all the bands except blue (wavelength 
135-480 nm) which it reflects. 
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In practice, substances do not reflect only one bend of wave- 
lengths but refleet a nurture of them* For example, imlachite 
green reflects in addition to green light, ^1 amounts of rad, bine 
and violet. 

2. Dye* and Dyehsg.— GoloureJ substances used for cdow- 
Ing various fabrics are called dyes. All. coloured substances, how¬ 
ever, are not dyes. Requisites of a true dye are : 

(•) It must have a suitable colour. 

(ft) It must be able to attach itself to the material from solution 
or to be capable of being fixed on it* 

(hi) When fixed it must be fast to light and washing. For this 
It must fee resistant to the action of water, adds and alkalis, parti¬ 
cularly the latter due to the alkaline nature of washing soda and 
washing soap. 

Previously, dyes were obtained from animal and vegetable 
mooes. Today most of the available dyes are synthetic dyes pre¬ 
pared from aromatic compounds. 

The mechanism of dyeing differs with the nature of the material 
whether it is protein, cellulose or synthetic fibre. Dyeing of wool 
and silk was once considered to be a chemical process. Herein the 
acidic or basic groups in a dye combined with basic or acidic groups 
in the protein. At present it is believed that acidic or basic groups 
in the dye help in the initial adsorption of the dye on the surface of 
the fibre. This is followed by solution and diffusion of the dye into 
the fibre, 

3. Colour and Constitution.— It was observed by Gracbe 
and Liebennann (1866) that organic colouring matter on reduction 
gave colourless product which regained original colour on oxidation. 

The relationship between colour and constitution was, how¬ 
ever, pointed out for the first time in 1876 by the German chemist 
Otto Witt. He put forward his chromophore staochroms theory 
of colour and constitution. According to him— 

(i) Colour usually appeared in an organic compound when it 
contained certain unsaturated groups which should more appropriate¬ 
ly be called groups with, multiple bonds . 

Witt called these groups with multiple bonds as durwmo- 
A lew important chromophorei are : 

O — N«N— 

-N/ • J, ; — N-Oi —N-N- 

>0 O Nitron) Kuo 

Nitro Azoxy 

O O 

II II 

c-o ; —C—C— \ C-S I —(HC-OH).- 

Carbonyl Dicarbonyl TMoeartonyt Polyene 

xnd 



(QninonoM etracture) 
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(<*) The compound containing the chromophoric group is 
called chromogen. It has been noticed that chromogens contain" 
ing only one chromophore are usually yellow. Depth of the colour 
increases with the number of the chromophores. 

A single C=C group as in ethylene (CH,=C3H|) does not 
produce any colour. The colour, however, develops if a number 
of these groups arc present in conjugation. For example. 
CH,—(CH=CH) 8 —CH S is yellow in colour. 

(m) Certain groups, which could not cause any colour effects 
in the absence of chromophore groups, do have an important eff ect 
on colour when they are introduced into a compo und containing s 
chromophore group. Witt described such groups as 
or colour augmenters or deepeners. 

Some important auxochromes are : 

“OH ; —OR ; —NH, ; —NHR ; —NR* 

Hydroxyl Alkoxy Ammo Alkylated amino 

Auxochromes arc salt-forming groups and perform two Auc¬ 
tions ; 

(а) They deepen the colour of the chromogen. 

(б) Their presence is necessary to make the chromogen a dye. 

An interesting example of the effect of auxochrome groups may 
be noted with the following compounds : 

0»N— (/ % n-NR ed-orengc 


O.N '/ Vn-N-// ^ Deep yellow 

—NH, Red-yellow 


O t N —y \)—N=N—^ y~ N(CH^, Deep red 

The sulphonic and carboxyl groups possess little suxochromic 
properties but their presence makes the chromogen a dye. t Ve se n c c 
of sulphonic group makes the dye soluble in water. Due to the 
presence of carboxyl group it forms lakes. 

Numerous empirical observations have also been made. For 
example— 

(a) Salts of phenols are more strongly coloured *h mn free 
phenols. 

(ft) Auxochromes do not affect the colour when present in the 
meta position to the chromophore. 
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Thui according to Witt’i theory of colour and constitution : 
Gkomogen~i chromopfwre- bearing compound, and 
Dye— Chromogtn containing an auxochromt. 

For example, in p hydroxyazobenzene, 


V ^ OH 


p-HyaroxyAzobcozcne ^a bright red dye) 

aoobenzene, 0 N.N 0 is the chromogen, N=N is the 

chromophorc and OH is an auxochromc. 

Similarly, in picric acid (a yellow dye) trinitrobenzene is the 
dmsnogcn containing three NO, groups (chromophores). 

OH 

O.Nf^XNO, 




NO- 


NO, 

Picric acid Trinitrobenzene 

(Dye) (Chromogen) 

Here £)H group is an auxochrome. 


Some other terms introduced later are bathochromic and hypso* 
chromic grovpM. The bathochromic groups bring about deepening of 
colour in a 7 ye whrrras the hyposchromic groups bring about the 
tightening cf colour . The term deepening of colour in dve chemistry 
is being used lor the following rhanges in colour : 

Yellow-orange— red— purple—blue—green —black . 


This is exartlv the order of visible complementary colours 
of the colour absorbed with increase in the wavelengths of the 
Absorbed light as given in the table on page 3 '271 * Hence we may 
say that longer the wavelengths of the absorbed light, deeper will be 
the colour of the dye. 

Since visible colour is a complementary colour of the absorbed 
band, bathochiomir groups (which bring about deepening of colour) 
will help absorption of longer wavelengths, i.e., the colour absorbed 
will be one lying near the lower or red end of the column. The 
bathochromic groups are, therefore, said to have a red shift. 

On the other hand, hypsochromic groups (which bring about 
lightening of colour) will help absorption of shorter wavelengths, t.e., 
the colour absorbed will be one lying near the upper or blue end of 
the jeolumn. The hypsochromic groups are , therefore, said to have a bbis 

shift. 

4. Valence Bond Approach to Colour.—According to 
Valence Bond Theory, the electron pairs of a molecule in its ground 
•late are in a state of oscillation, when this molecule is placed in the 
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path of a beam of light, it absorbs a photon of appropriate energy 
and gets excited and the amplitude of oscillation of its electron pair 
is increased. The wavelength of the photon absorbed depends on the 
energy difference between the excited and ground states of the mole* 
cute. The smaller the difference between the two states, the longer 
is the wavelength of the photon absorbed. It further states that— 

(t) The energies of the both ground and excited states' are 
lowered as a result of resonance among the charged structures, 

(n) Charged structures contribute more to the excited state than 
to the ground state. 

(tit) The larger the number of electrons involved in resonance, 
the smaller is the energy difference between the excited state and the 
ground state. 

Ethylene is colourless but a polyene is coloured. In fact, intensity 
of colour increases as the number of double bonds in a molecule 
increases. Let us understand this fact in the light of Valence Bond 
Theory. 

Ethylene may be regai ded as a resonance hybrid of (I) and (II). 

CH S —CH, ► CH.-CH, 

(I) (ID 

Ground state of ethvlene is represented predominantly by (I) 
and the excited state by (11), The energy difference between the twa 
being very large, the energy of the photon required to excite ethylene 
is very high, i its wavelength is very short. The colour produced by 
absorption of these very short wavelengths wll be very light. 

In J, 3-butadiene and ], 3, 5-hexatricnc there is greater con¬ 
tribution of charged structures to the resonance hybrid due to extended 
conjugation in these molecules. Since larger number of electrons are 
involved in resonance, the energy difference between the ground and 
excited states is smaller and longer wavelength of the photon is re¬ 
quired to excite the molecule, e.g 

CHj-CH, CHj—CH—CH—CH, 

•X ttm 175 217 

CH, - CH—CH = CH- CH - CH, 

x,* 258 

The longer the wavelength of the photon required for excita¬ 
tion, the greater the tendency for colour. 

Presence of groups with +I/+R and/or -I/-R effect at the 
ends of the conjugated system will extend the conjugation as well as 
increase the contributions of charged structures to the resonance 
hybrid. As a result of it, the wavelengths of tbu, photons required 
become longer as illustrated by the following examples : 

Benzene is a resonance hybrid of two Kekule structures and a 
small amount of charged canonical structures (dipolar ions). 

m Xmm stands for wavelenftii in nanometres. 1 nm—lO’Hnerre. 
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Thus benzene itself is a chromophore. Presence of certain 
groups like NH„ NO*, etc., increases the wavelength of the photon 
required for excitation of the molecule, e.p., 



Resonance in a conjugated system is maximum when the system 
is completely planar or almost so. If resonance is inhibited due to 
some steric effects, the depth of colour which depends on resonance 
will diminish and the compound may even become colourless. 

5* Q&0affixation of Dyes.—Dyes are classified according to 

their chemical constitution or by their application to the fibre. The 
chemist prefers to classify dyes according to its structure but the dyer 
if mainly concerned with the reaction of dyes towards the fibre being 
dyed. Based on these two ways of classification, different forms of 
dyes have been described below : 

ACCORDING TO APPLICATION 

(1) Direct or Substantive Dyes. A compound is classified 
as a direct dye if it can be applied directly by immersing the ani¬ 
mal and vegetable fibres or cloth in a hot solution of the dye in 
water. 

Dyes suitable for dyeing animal fibres directly are subdivided 
Into acid dyes and basic dyes. 

(а) Add dyes are sodium 9alts of sulphonic acid and nitro- 
phenols and dye animal fibres (wool and silk) but not vegetable 
fibres. Wool and silk are dyed by dipping in their solution acidified 
with sulphuric or acetic acid. 

(б) Basic dves are the salts of colour bases with hydrochloric 
acid or zinc chloride. These dye animal fibres directly and vegetable 
fibres after these have been mordanted with tannin (#ee under mordant 
dye*)- Basic dyes are mostly used for dyeing'silk and cotton. 

(2) Mordant or Adjective dyes. A mordant is any substance 
which can be fixed to the fibre and which can be dyed later on. 
Commonly used mordants are hydroxides or basic salts of chromium, 
aluminium or iron. Tannic add is used as mordant with basic dyes. 
The fabric is mordanted by dipping in the solution of the metallic salt 
or tannin and then dipped into the solution of the dye when coloured 
lake is obtained which being insoluble is fast to washing. Alizarin 
and other anthraquinone dyes are applied in this way. 

(3) Ingrain Dyes. These are dyes produced in the fibre itself 
during the process of dyeing. For example, a piece of doth may be 
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soaked in an alkaline solution of (3-naphthol and then dipped into a 
diazonium salt solution. Coupling takes place to produce an azo-dye 
in and on the fibre. 


(4) Vat Dyes. These are water-insoluble coloured compounds 
which can be reduced to colourless ( leuco ) compounds which are 
soluble in alkali and readily reoxidised lo the dye. After treatment 
in an alkaline bath the cloth is subjected to air oxidation which 
causes a return to the insoluble coloured form. Vat dyes in the 
leuoo condition dye both animal and vegetable fibres directly but 
they are mostly used for cotton fibres. Indigo is an outstanding 
example of vat dye. 

CLASSIFICATION BASED ON CHEMICAL STRUCTURE 

(1) Nitro and Nitro so Dyes. These dyes are among the 
oldest synthetic dyes but are not important commercially. A few 
examples are : 


OH 


O t N 



NO, 


*o, 

Piric acid 
(Nitro dye) 


NO 



OH 


Naphthol Green B 
{Nitroso dye) 


(2) Triphenylmethane Dyes. Triphenylmethane dyes have 
brilliant colours but they fade with washing and on exposure to light. 
These are used for colouring paper and typewriter ribbons. 


These dyes are obtained by introducing NH B , NR*, or OH 
groups (auxochromes) into the triphenylmethane ring (chromogen) 
when the colourless leuco compound is obtained. *nie leuco oom» 
pound on oxidation gives the corresponding tertiary alcohol called 
the colour boat (colourless benzenoid compound), which in presence 
of acid readily changes to the quinonoid dye due to salt formation. 
^The changes are reversible. 


oxidation acid 

Leuco base ~ * Colour base ~ > Dye 

(Colourless) reduction (Colourless) alkali (Coloured) 

Some important dyes of this class are :— 


(i) Malachite Green. It is prepared by condensing benzaMe- 
byde (1 molecule) with dimethylaniline (2 molecules) in presence of 
concentrated sulphuric arid followed by oxidation of leuco base with 
lead dioxide and hydrochloric add to colour base which reacts farther 
'With hydrochloric arid to give malachite green. 



—HflO 
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f V>-CH\ '- 


/(/ ^(CH,), 


Lencobaaa 




PbOt.HQ 


N(CHJ, 


///NNNCCH,), 

CS-< ^ 

'- OH 


Colour base or Carbinol base 


/Vc. 




N(CH,), 

Malachite green 


It dyes wool and lilk directly and cotton after mordanting with 

tannin. 

((A Para-roaaniUne. It is prepared by oxidarion of a mixture 
«f aniline (2 molecules) and p-toluidinc (1 molecule) with mtroben 
MM or ancnic acid. 


H,N (f —IH 


—ZH,0 


yvU 


+2[OJ+H, CH-{/ \)NH, -- 


p.ToluI3Ioe (1 mol) 


Aniline (2 mol) 


H f N U V ,__ 

\=/ Nch-^^nh, I- 

™/r\/ w 


Leu co base 
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i-m 


H(Ni 







Colour bate 


H t NV / Para-ros&nili 


-rosAnillne (J)^) 


It dyes wool and silk directly and cotton after mordanting with 
tannin. 


(Hi) Rosmniline, Fodnine or Mngmta. It is o-roethyl 

derivative of para-rosaniline and is prepared by oxidation of an eqd- 
molecular mixture of aniline,, o- and pstoluidines with nitrebeawoe 
in presence of iron filings. The product is a mixture of para-roautilino* 
and rosaniline in which the latter predominates. 




Crystals of rosaniline show a green metallic lustre. It dimo l tai 
in water to give deep-red solution. The solution is decolorised bf 
sulphur dioxide to get Schiff’s reagent which gives a pink colour with 
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-aldehydes. The chemical changes involved in (he preparation of 
flchifrs reagent are still uncertain. 

It dyes wool and silk directly and imparts violet-red colour. 
Cotton is dyed after mordanting with tannin. 

(it) Crystal Violet. It is prepared by heating Michler’s 
ketone with dimethylaniline in presence of POG1, or COQ a . 



COCl| 

Heat 


MkhJer’s ketone 



NfCH,), 
Crystal violet 


Bronzy-green crystals of the dye dissolve in water to give deep 
violet solutions. Wool and silk are dyed by it directly but cotton has 
to be mordanted before dyeing. 

(«) Aurin or Rosolic add. It is prepared by diazotising ros- 
anfline and boiling tire diazonium compound so obtained with water. 



RosaaiHne Aurin 


It is a crystalline solid crystallizing as red prisms which dissolve 
in alkalis to form intense red solution. It finds use as an indicator 
and printing wall papers. 

S Aso-dyeo. All azo-dyes have the same chromophore 
—, the axo-group whereas the auxochromes may be different- 
Common auxochromes are NH* NR, and OH groups. Some import 
tant members of this class of dyes are i 

(f) AnRIsta fallow (A min oax ob mxene ). It is prepared by coup- 
Hag benzenediazonium chloride with aniline. 
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-N.C1+ H,N( 


-Ha 


Benzenediazoni urn 
chloride 


ni Aline 


'/ Wn-n.nh// X^rr// \\n_n// \ 


Diazoamin o benzene p-Ax^inoazo benzene 

It is the simplest basic azo-dye. Being sensitive to acids il b 
of very little value as a dye. 

(ij) Batter Yellow (p-dimethylamino-azobenzene). It is obtained 
by coupling benzenediazonium chloride with dimethyl aniline. 

^%N=N.C1 + ► 


/An-nA 


N(CH,), 


Butter yellow 

Like aniline yellow it is a basic dye having very little value as dye, 
(•Vi) Methyl Orange. It is prepared by coupling diazodaed 
solphanilic acid with dimethyl aniline. 

/r^\ —ho 


HO,S(/ V\N-NQ+ (/ ')N(GH,) i — 


Diazotised sulphanilic acid DimethyUniline 


HO,S' 


/ \)N-N(7 \ 


N(CH,), 


Methyl orange 

It is an acid dye. It dyes wool and silk and imparts them 
orange colour but the colour is not fast to light or washing. It is 
used as an indicator in acid alkali titrations as it gives yellow colour 
with alkali and pink with acid. The change in colour at the end 
point is due to the change in the structure of the ion. 


rV.»// \ 


N(CH,), * 


Yellow (in alkali solution) 
[chromophore is—N—N—] 


- 0 , s Q- nh _ n ,Ql N ( ch,) , 

Pink (In acid solution) 

[chromophore is ^-quinonoid structure] 

(ip) Methyl Red. This is another acid dye prepared by coupl¬ 
ing diazotised o-aminobenzoic add with dimethylaniline. 
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COOH 

| d + H K^~^N(CH.), 


-HQ 


COOH 

Methyl red 

It Is used as an indicator in acid-alkali dtradona. 

(a) Resorcin Yellow. It is a golden-yellow dye prepared by 
coupling diazodsed sulphanilic acid with 1, 3-benzenediol. 

OH 

HO^^~^) N-N.C3 + O OH-► 

Diazotised sulphanilic acid 1, 3-benzcndiol 

OH 

HO,S 0N.N0) OH + HQ 
Resorcin yellow 

It is used in dyeing silk. 

(w) Congo Red. It is a dark red bisazo-dye prepared by 
coupling tetrazotised benzidine with two molecule* of 4-atpino- 
naphtha lenesulphonic acid. 

NH, 



+ ClN, 


SO.H 

4-aminonaphthalene- 
tulphonic acid 

NH, 



N,C1 


NH. 


r n 





SO,H 


Congo red 



HO.S 


Its alkaline solution is red in Colour which changes blue ii» 
presence of an acid. It is a direct dye used for dyeing cotton. 

(vtt) Chrysoidine. It is an orange-red dye obtained by coupling 
benzenediazonium chloride with m»phenylenediainiile. 

NH, NH, 
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It is a direct dye used lor dyeing wool and silk. For dyeing 
cotton the fabric has to be mordanted with tannin. 


(triii) Bismarck Brown. It is a brown dye obtained by the 
action of nitrous acid on excess of m-phcnylcncdiamine dissolved in 
concentrated hydrochloric acid. In fact it is a mixture of two dyes 
obtained by the diazotisation of one or both amino groups followed 
by coupling with the unchanged diamine. 


NH, 



Diazotiscd 
phenytened limine 

NH, 



Tctrazotiscd 

benylencdiamiDc 



NH, 



II Biaazo compou 
(Brows dye) 


Bismarck Brown consists mainly of II with small amount of 1 
It is used in boot polish and for staining wood before polishing. It 
is a direct dye for dyeing wool. For dyeing cotton it has to be 
mordanted before dyeing. 

Structure Determination of Azo dyes. The structure of 
an azo-dye can be readily determined by its reduction with 
stannous chloride and hydrochloric acid or with sodium hyposul¬ 
phite (dithionite). Reduction results in rupture of the azo group 
forming two primary amines which die then identified. From the 
structure of two primary amines wc can assign a structure to the 
azo-dye. 

Ar l N«NAi>-* A^NH, + Ar*NH, 


(4) Phthaleina. These are obtained by condensing phenols 
with phthalic anhydride in presence of some dehydrating agent like 
concentrated sulphuric acid or anhydrous zinc chloride. Some import 
taut members of this class of dyes are : 

(i) Phenolphthaloin. It is obtained by heating a mixture of 
phthalic anhydride (I mol) and phenol (2 mol) with a concentrated 
sulphuric arid. 

TOC—111-4*83-18 
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fMNMMiJ 



Phttudic anhydride 

It it ft white crystalline solid insoluble in water but soluble in 
alcohol. With alkalis it gives a pink colour which disappears on 
adding an acid. The change in colour is due to change in its 
structure as shown below : 



Deep red Co Unifies* 


It is used as an indicator 

(*) Fftsoreseein. It is obtained by heating a mixture ol 
pbthalic anhydride (J mol) and J, 3-benzenedioJ (2 mol), concen« 
trated sulphuric acid or anhydrous zinc chloride. 
h 3-beaasuedioJ (JW mAecules) 



Paths da 


PlSDff 
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It ia • red powder, insoluble in water. It dissolves in alkftlis to 
give a reddish brown solution. On dilution the solution gives a 
strong yellowish green fluorescence. 

The sodium salt of fluorescein is known as Uranine which dyes 
wool and silk yellow from an acid bath. 

(Uij Eosia and Mercurochrome. Eosin is prepared by 
bromination of fluorescein. It is a dye used for dyeing wool and silh 
or for preparing red ink. 

Mercurochrome is obtained by mercuration of dibromofluore-t 
scein followed by treatment with caustic soda. It is an intense red 
dye. Its 2% solution is used as an antiseptic. 




f jsay Type : 

1. What is Witt’s theory of colour and constitution ? Illustrate its 

application with reference to the use of phcnolphlhalein as an indicator in acid- 
alkali titrations. {Delhi B.Sc - 1982 , 77) 

2. Write a short note on Valence Bond Approach to colour. 

(Delhi B.Sc . Hons , 1982) 

3. Explain the terms 'chromophore', 'chromogen* and 'auxochrome* 
What are bathochroroic and hypsochromic groups 7 What is meant by deepen¬ 
ing of colour in dye chemistry 7 Why are bathochromic groups said to have i 
red shift and hypsochromic groups a bjue shift 7 


4. Give one example each of the following : 

(a) a mordant dye, (6) an azo dye, (c) a vat dye. and 


{d) a triphenylmethane dye. 

Indicate the synthesis of any ono of them. (Bangalore B.Sc, 1974) 

5. What is a dye 7 What are the requisites of a true dye 7 How are 
they classified 1 Mention a few important members of each class. 

6. Give the preparation and uses of any four of the following : 


(0 Fluorescein ; (ii) Congo red ; (f/«) Malachite green ; (iv) Methyl 
oranae ■ f?) Phenolphlhalcin ; (vi) Bismarck brown ; (vl<) Rosauiline ; (vr/A 
Crystal Violet. ( Rajasthan B.Sc, 1971; Madras 1971 ; Kerala 1972 ; Mysore 1972 ) 

7. Give an account of triphenylmethane dyes. (Kerala B.Sc . 197S t 72) 
H. Write a short note on azo-dyes. (Bombay B, $c. Subsidiary 1971) 
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9. (<j) Give two examples each of 'chromophofes* and 'auxochromes*. 
Explain briefly how the presence of chromophore gives rhe to the potentiality of 
colour. 

(fr) Taking examples of ortho and para quinones, show that the oolour 
is deeper, the greater is the resonance among the various charged forms. 

(c) Give the preparation of methyl orange or phenolphthalein and explain 
the use of indicator in acid-base titrations. (Delhi B.Sc. /four. 1976) 

10. (a) Explain the terms 'direct* and 'indirect* dyes. 

(h) Give the synthesis of any two of the following: 

(/) Methyl orange, (fi) Alizarin and (ri/) Indigo. ( Delhi B.Sc, Hons. 197 $; 72) 

11. (a) Explain the term Leuco base, Colour base and a dye, giving suitable 
examples : (0 Congo Red ; 00 Fluorescein. (Delhi B.Sc. Hons . 1975 , 73) 

12. Indicate the method of obtaining the following substances: 

(0 Malachite green (/j) Phenolphthalein (ii) Alizann (fit Methyl orange. 

(Delhi B Sc Horn. 1979) 

13. (a) Explain the terms . leuco base, colour base and a dye, giving a 
■unable example. 

(h) Give the preparationfof either irethyl orange or phenolphlhJlem and 
explain the use of the indicator[in acid-base niratiom. (Delhi B Sc Hons 1978 ) 

Short Answer Type ; 

1. An alcoho he solution of phcnolphlhaiem is colourless but when a 
drop of alkali is adde d the solution becomes red in colour. Why 9 

(Delhi Jj Sc. Hon s. 1975) 

2. What are dyes n What are the requisites of a true dye> 0 

3 What are chromophoies ? Give five examples of chromophore* 

4. What is a chromogen 0 

5. What are auxochromes ? 

6. What is a mordant 7 

7. Whai are ingrain dyes ? 

8. What are vat dyes ? Give one example of a vat dye. 

9. How arc Leuco-base, colourcast and a|tnphen>lmethauc dve related 
with one another? 

10 Write structures of methyl orange in alkali solution and acid solution. 

II. How does the structure of phenolphthalem change as the solution 
changes from acidic to alkaline ? 

17. What hap pens when aniline is treated with concentrated sulphuric 

acid at 450K 7 Give the various steps leading to the preparation of methyl 
orange. (Delhi B Sc. 1979 > 

13. How would you obtain phthahu [aud from naphthalene andconveit 
it into fluorescein {Delhi B Sc. 1979) 

14 Define the terms chromophore, auxnchronte, hathochronnc and 
hypochromic. What role do these tarns play in relation to Witt’s theory ol 
colour and constitution ( (Delhi Ji Sc. 1979) 

15. How is the structuie of an <t/o (^determined 7 



Appendix I 

PROBLEMS IN AROMATIC SYNTHESIS 

1. Introduction. —From our study of the foregoing chapters, 
we have amassed a sizable knowledge of various aromatic substitu¬ 
tion reactions. In various problems on aromatic synthesis we have 
to make use of this knowledge to synthesize a particular aromatic 
compound in as expeditious a manner as possible. For this purpose 
we must keep two kinds of information in mind. 

(i) We must know all the different methods by which the 
given functional group could be introduced into the nucleus. 

(it) We must be aware of the directive influence of the group 
alrrady present in the ring, 

2. Various Synthetic Routes,—Various synthetic methods 
employed foi iutrodxhing various substituents in an aromatic ring 

arc summaijzrd below : 

(1) -Cl 

Cl. . , 

(1) ArH-► ArCl (Direct chlorination) 

FcCJ1 3 

HM0 2 © CuCl/HCl 

(if) ArNH a -► ArN 2 -* ArCl 

(Sandmeytr reaction) 

( 2 ) -Br 

Br, ... 

(i) ArH-ArBr (Direct bromination) 

I eBr, 

II VO, <B CuBr/HBr 

(n) ArNI J 2 —-» ArN a -► ArBr 

(3) -I 

UNO, KI 

ArNI I,-> ArN,-> Ar 1 

(4) —NO., 

UNO, 

Aril-i ArNOj (Nitration) 

H.SO* 

(5) -NH, 

Sn j-HCl 

(t) ArNO,-> ArNI I* 

or (NH,),S, 

NIL 

(ti) ArCl-> ArNH a 

(To be used only if Ar is activated towards nucleophilic substi¬ 
tution by groups like NO* or COOH present in the ortho or para 
positions.) 

3287 
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(6) — RO,H 

SOJH.SO, 

ArH-► ArSO,H (8ulphonation) 

(7) —COOH 

Mg CO, 

(») ArBr-► Ar MgBr-► ArCOOH 

KMdO, 

(»0 ArCH,--*• ArCOOH (Side chain oxidation) 

H O* 

(i*0 ArCN- ——*■ ArCOOH (Hydrolytic) 

NaOCI 

(»*) ArCOCH* —-► ArCOOH ( Halo/orm cleavage) 

(8) -OH 

HNO, © H+ 

(») ArNH,--► ArN,-► ArOH 

H,0 

NaOH (solid) 

(if) ArSO.H-► ArOH 

fusion 

OH- 

(iti) ArCl-► ArOH 

(To be used only if Ar is activated as given under —NH, 
above.) 

(9) — C=N 

HNO, © K,Cu(CN), 

ArNH,-► ArN,-- ArCN 

(10) -COR 

RCOC1 

ArH-*■ ArCOR 

A1CI, 

(Friedel-Crafts acylation reaction.) 

(11) R- 

Ar H Ar-R 

Aici, 

(Friedel-Crafts alkylation reaction. Bear in mind rearrange¬ 
ment of R + , if any.) 

(12) RCH,— 

RCOCl Zn(Hg) 

ArH-*. ArCOR-► ArCH a R 

AIQ, HC! 

(Friedel-Crafts acylation + Clernmensen reduction) 

(13) -CHO 

SOC1, Pd 

ArCOOH- *■ ArCOCl-► ArCHO 

Xylene 




mmsmw AKWATIl; nmimwi, 

ArOOCS can also be reduced with lithium tri*tsvf- Imiwyaltt- 
minium hydride, IiAl [(OH.)* CO], H 
(14) —H 

HNO, © H t PO f 

(«) ArNH,-- ArN,-► ArH 

6C%H t S0 4 

(«) ArSO f H-► ArH 


3. Sequence of step*.—The sequence of various steps 
involved in the synthesis will be governed by (the directive influence 
of the various substituents present in the nucleus. For example, 
synthesis of p-nitrobenzoic acid from toluene involves the two 
steps ; (i) nitration of toluene followed by (ft oxidation of side 
chain. 



The two reactions carried on in other sequence result in the 
formation of m-nitrobcnzoic acid. 


CH a COOH COOH 



4. Some Typical Example* of Syntheses. 

(1) Conversion of Bensene into Toluene. The conversion 
can be effected in two different ways as given below - 


(i) C*Hb I H + CI CH, 


Benzene 


Anhyd. A1CI, 

-► CtH^CH, 

—HC1 Toluene 


Q f -f2Na+CH*a 

(«) C.H,-► c,h,ci- 

Benzene Chlorobenzene — ZNaCl 



(2) Conversion of Toluene into Bensene. Here again two 
methods are possible for the conversion as follows : 

tO] CbO, distil. 

(i) C^HfCHa-► C 8 H,COOH -■+ CJHt 

Toluene KMnO, Benzoic acid —CaCOi Benzene 


(it) C|H t GH ft 
Toluene 


a, in 2H.O 

-► CsH 8 CCU -C^HtCOOH 

hot and Benzylidyne- —3HC1 Benzoic acid 
sunlight chloride 


NaOH NaOH 

-► CgH^COONa-» QH* + Na,CO, 

dry heat Benzene 
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Phenol 

(♦) 


-ZbO 


CRXIf 
u|qr. Aid, 

C^H,-—►C*H,,CH 1 

ToiUMW 



C.H.OH 


-ZoO 


cVf. 

Benzene 


G.H.COOH 


+H.O 


C,H,SO,H 

Benzenesulpboolc acid 

Skoh 


+KCN A 

C.H.CN*-C,H,SO,K 

Benzoic acid —NH, Phenyl Tusc Pot. benzm 

cyanide Milphonate 


(5) Conversion of Toluene into m*chlorotolnene. Toluene 
on direct chlorination gives o- and p-chlorotoluene, Hence an 
indirect method is used lor preparing m~chlorotoluene as given on 
page 2’519. 

(6) Co uv ereion of Benzene into Salicylic acid. 

Cone, H,90fa Fused 

CgH f -► C 6 H 5 SO,H -* CjHftONa 

Benzene Benzenc^ulphonic wiih NaOH Sodium 

aCfd phenoxide 

ONa OH OH 


fCO, 



390—41 OK 

—-— H 

Pressure 


j^jjCOONa HC , ^^jCOOH 


Sod. salicylate 


Salicylic acid 


QUESTIONS 

1. Starting from aniline how will you prepare the following: 

(Q Acetanilide, (it) Phenyl isocyanide, (ffl) Benzenediazonium chloride* 
(fr) TribrocnoeniJine. (w) o- and p-nitroaniJine, (vf) Sulphanilic acid ? 

2. How are the following conversions effected ? 

(a) Benzene to Aniline, (b) Aniline to Phenol, (c) Benzene to Benzal- 
dehyde, (4) Toluene to Benzoic acid ? 

3. How are the following conversions effected T 

(a) Benzene to benzaldehyde, (b) Benzene to anllino, (c) Aniline to 
phenol, (d) Phehol to nitrobenzene. 

4. Starting from benzene outline the synthesis of ( 0 ) Benzaldehyde, 
(M Aniline, (c) Phenol, (d) Benzamide, (r) Benzyl chloride, and (/) m-n it ro¬ 
an iHne. 

5. How will you synthesise: 

(a) Benzophenone from benzoic acid, (6) Salicylic acid from benzene- 
sulpbonic acid, (c) Nitrobenzene from 1 aniline, (d) n-Amino-azobcnzene, (a) 
Pbenylfcydrazhie from benzamide, ( f) Benzaldehyde from benzene. 

i How will you omtbesizo s 

(a) n-iaobutylbenzoic acid from benzene, 

(b) 3,5-dlbromotohienc from toluene ? 


(Hint, Different steps involved are ; 

( 0 ) (i) F-C reaction with (CH a ) a CHCOCL (U) Za 

moMa aeMtswu* ! 

“ Qhe tk* mwW(i) to bring about each of 


•JM 


i)+ho ,m 

jrdrolytia. 



r ) HJ*<U 

uUowis# 1 


(*) Benzoic add to 
(rf> Phenol to MWcyWdebjrd^ ^ 



Appendix II 

TYPICAL NUMERICAL PROBLEMS 

l. Problem* oa Stractonl Formal*.— Problems bated on 
Structural formula require a thorough knowledge of organic con* 
pounds and their reactions. Some important reactions commonly 
associated with unknown aromatic compounds and information given 
by them are summarized in the following table : 


R ud iop 


(1) The compound on oxidation gives 
a new substance containing a new 
-COOH group. 


(2) It gives phthalic acid on oxidation. 


The compound has a side-chain, «.f 
CH, COOH 

6 --0 

Toluene Benzoic acid 

The compound has two side-chains 
(open or closed) in 0-position, e.g.. 


ff m f'\T H 

- + k^^COOH 

o-xylene Phthalic acid 

(containing two 
open side-chains) 



Naphthalene 
{containing two 
closed side-chains) 


(9) It gives an addition product with There is unsaturation in the side* 
bromine. chain, e.g. f 


Br. 

C,H t .CH»CH|- 

Styrene 

(4) Compound contains C. H and O. 

(а) It gives a pink colour with SchifT’s 
reagent. 

(б) It gives a silver mirror with Toi¬ 
lers reagent. 

(*) It gives an oxime with NHgOH 
and phcnylhydrazone with 
C.H*NHNHi, 

(/) The above compound gives the 
reactions (a) and (6) above. 

(W) It does not give the reactions [a) 
and (6). 


C«H ? CHBr.CH*Br 
Addition product 


It contains an aldehyde (— CflO) 
group. 


—Do¬ 
lt contains a carbonyl group (aide- 
hydic or ketonic). 


It is an aldehyde. 


It is a ketone. 
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(d) It gives one molecule sash of on Fiss snos of —CHO poop attached 

add and an alcohol on treatment with to the nucleus, $.g., 

COH (C anmisxaro reaction). I 

2C t H l CHO-fROH-►C«H i CH«OH + C i H l COO]C 

Bcnzaldehyde Benzyl Potasshiia 

aloohol benzoate 


(•) It gives a coloration with FeCl*. 


ias 


It gives an effervescent* with 
EOOg eolation. 


Presence of phenolic group —OB 
group attached to the nucleus). 
Presence of —COOH group. 


(f) An aromatic acid loses water on The two carboxylic groups are in 
beating. exposition as in phthalic acid. 

(A) A dibasic acid with fovnmla It is tere-phthalic acid with two 
uH| (GOQH)i gives only one mono- —COOH groups in p-positton. 
nitro derivative. 


In general whenever a aU-snbeiituied compound gifts only one iri-subsiiteud 
derivative, it is p-derironv*. 


JS£ 


[3) CMpowbmtelitai C, H, N ud O. 

gives NHj when boated with ( Presence of —CONH a group, s^., 


G.H B CONH,+NaOH-► C^COONa+NH, 


(A) Gives primary amine with Br* Presence of — CONH, group, e.g., 

and KOH ( Hofmann Bromamld* re¬ 
action). 

C.H.CONH,+Br*+4KOH-► C,H # NH» +2KBr+K 1 CO*+2H.O 

Benzamide Aniline 

e) It gives an amine on hydrolysis. | Presence of (—NHOOR) group, e,g. 


Acetanilide 


!|H-► Cf H S NH| 4- CHtOOONa 

Aniline 


(d) It is reduced by metal and acid 
to give an amine. 


Pretence of a nitro (—NOf) group. 


fd) Compounds containing C, H, and N only. Various posaibOitiei are 
P, S and T, cyanides and isocyanides. 


(n) It Is soluble in wster and Is 
ancaBns towards litmus. 

(A) It Is soluble in dilute acid. 

(e) It can be dianotieed. ! 


I Presence of —NHs group in lids* 
I chain. 

! 

An amino-compound k 

Presence of primary amino group 
attached to the nucleus. 


(d) It gives an acid on hydrolysis and 
a primary amine on reduction. | 

4TJIJ 

ArGHgNHs * -ArCmN 

Primary amine 


It is a cyanide, s.g., 


ArCOOH 

Acid 
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Inference 

(7) Compands cootalalBg C, H and CL 

(a) It gives on oxidation an add not 
containing chlorine. 

Presence or — Q in the ride-chain* 
if., benzyl chloride. 

(6) It gives on oxidation a chloro- 
ackl. 

Presence of —Cl attached to niie* 
leas. chlorotoluene. 

(e) Chlorine ii easily replaced by 
-OH. —NH,, - CN, etc. 

Presence of —Cl in the ride-chain. 

(J) Chlorine is not easily replaced by 
these groups. 

Presence of —Cl attached to the 
nucleus. 


2* Isomeric Compounds.—A molecular formula might 
represent various isomers. Writing of possible isomers represented 
by a certain molecular formula is the first step. Later on we have to 
•elect one of these isomers which corresponds to the various reactions 
of the compound mentioned in the problem. Some important mole¬ 
cular formulae with possible isomers are given in the table below * 


ii 

Various posrible Isomers 

(0 C.H,, 

/CHi 

CsH*C i 

^CH. 

o- t m-&p- 
xylenes 

(thrte Isomerj) 

C.H.C.H, 

Ethylbenzene 

<«) <*H„ 

y CHj 

C t H,(CH.)» ; C t H 4 <^ 

Three isomeric CfH* 

tri met hy lbenzenes Ethy lmethy I- 

{A4f ; uniym ; rym.) benzene 


CfHs.CHi .CiH| 
o-propylbenzene 

; C t H,CH(CH s 'i 

Isopropylbenzene 

m c,h.o 

caC® , 

^OH 
#•* m-. A f* 
methylphenols 

C(H|CH(OH ; C,H,O.CHi 

Benzyl alcohol Methoxybenzene 

m cao, 

yOH 

c * h ‘ s cooh 

o-, m- A ^-Hydroxy- 
benzoic acids 

<») CfH|0, 

/CHj 

CtH/ ; 

n cooh 

m- A p- 
Toluic adds 

C«H|.CH|COOH 

Pbenylecetic acid 







(rfl C.H.O, 

„ ,COOH 
** ^COOH 

Sco»B«dk»rtwxT»ic mM», PbttooHc mM. too 
phthelic Mid and «rre-pfcthalic Mid. 

JMOC'HiCl 

X CHa 

CtH *<c, * 

o- t m- d p- 
chloro toluenes 

CiHgCHaa 

Benzyl chloride 

<W/0CrH,aO 

; &H.COCI 
^CHO Benzoyl 

o* t m-Ap- chloride 

Chlorobenzaldchyde 

(<*) CfH,N 

pftmyUyanide' 
or Benzonitrile 

C«H,—NC 

Phenyl Isocyanide 
or BcQZoiBonitrile 
or carbylaminobenzene 

<*> CfH*N 

,CH, 

C.H4' 

^NH, 
o*, w- A p - 
Toluidine 

C«H»NHCH,; C.H.CHjNH, 

N-Mcthylaoilinc Benzyluntale 

<*i) C t H,NO, 

C ‘ ‘\no, • 

o-, m-Ap- 
Nitro toluenes 

C g H R .CH x —O—N< 
Benzyl nitrite 

*o 

c,h 5 .ch,n^ 

Phenylnitro- 

methane 

/NH, 

-O ; C 6 H/ 

n COOH 

Aminobenzoic acid 


QUESTIONS 


1. An organic monobasic acid when healed with soda lime gave an 

aromatic hydrocarbon of percentage composition C « 91'303 and H~8*697 ; 0*9 g 
of its silver salt gave on ignition 0*4 g of silver. Find out its probable 
structure or structures. [Poona B.Sc. ( Part //) 2971 1 

2. An organic compound contains carbon-*81*55% ; hydrogen»4*8% ; 

»rtrogen« !3 6% and has a vapour density **5 1*5. It evolves ammonia when 
heated with KOH, and on reduction with sodium and alcohol forms a base which 
reacts with HNO« f giving off nitrogen and yielding alcohol. The alcohol can be 
oxidised to benzoic acuL What is the original organic compound ? Explain 
(tie above changes. [Punjab TDC (III) 2971] 

3. An organic compound A, having molecular formula Crff*, on 
chlorination in sunlight gives a product which on further hydrolysis furnishes a 
compound ft. Treatment of B with acetic anhydride by the Perkin's reaction 
produces C which is an acid having a molecular weight of 148, Suggest graphic 
formulae with names, for compounds A, B and C. Discuss the reactions involved. 

(MhtBJic.im) 




(Delhi B.Sc. 1971} 

I An aromatic monobasic acid A contains C* 6 70*6%, H^5*88Ji. Its* 

methyl ester has V.D.-75, When A is distilled with soda lime it gives a hydro¬ 
carbon* On oxidation with KMn0 4 U gives a monobasic acid B. Name the 
compound and four of US isomers 7 How will you distinguish between these 
Isomers ? Give equations for the reactions. (Rojosthati B.Sc. 197J) 

7 Give structures of functional isomers of aromatic compounds whose 
molecular formula is C T H.O. How can you Idenufy them 7 De«rlbo pre. 
paration of any two of them. (Rajasthan B Sc. 1970 > 

8. An organic dibasic acid A gave on analysis C**57 8%, H“3*6}£. 

Its silver salt confined 56 8% Ag On heating it fomis a compound B fC B H 4 O t ) 
which reacts with (NHahCO. to form another compound C (C^H-O^) C forms 
StSih^ salt with alcoholic KOH, and forms compound D with alkaline 
NaClO. Compound D on dry distillation with soda lime forms aniline. Give 
structures of A,B, C and D and equations of reactions ( Rajasthan B.Sc> 1970) 

P. Molecular formula or an organic compound A is C 7 H 4 N0 4 A on 
Cn/wn ttiVBS a compound B whose molecular formula is 
H£So,. The SSSLF B on treatment with N.NO./HCl at 0*C and eub- 
^quentiy boiling th“reaction mixture gives a compound C The molecular 
formula of compound C is C,H,0,. 

The compound C gives the following rcictiois ’ 

(a) It gives a deep violet colour witn alu>hol»c FeC^ 

(i b) It evs. Ives CO* from a solution of NaHCO. 

(c) It decomposes on heating to give phenol 

Explain the above reactions with the help of equations and assign struc¬ 
tures to the compounds A, B and C. (Delhi B Sc Hons 1980 > 

10 An aromatic ketone (A) having the empirical formula C,H t O reacted 
with hydroxylamine to yield a compound B with the molecular formula 
CnHi.O.N On Beckmann rearrangement B gave an isomeric compound C 
whSi. on hydrolysis, yielded aniline and p-methoxybenroic acid. Knowing. 
ttustan^-rearrangSncnts are common during Beckmann transformation, asugo 

definite structures to A B and C. Suggest a method for synthesis of A. 
definite structures to a, d auu » BSc. (Hons.) 1979 J 

II The aromatic base A, C f H.N forms a mono acetyl derivative fi with 
acetic anhydride. Nitration with the nitrating mixture (HNO.+j^SOJ converts 
n mtQ b tingle product C, C|HuO|N| which on hydrolysis, diazotization and 
raMtonwithoutpiWMbromKiegives D C.H.O.NBr. RcducUon^of D with tm 
■nd concentrated hydrochloric acid yields another bow E, C,H f NBr. Treatment 
ofttm Suonium salt of E with hypophosphorous acid gives bromotoluene. 

the substances A to E. {Delhi B Sc. (Hons.) 1970) 

12 On ozonolysis C,,H m O (X; gives C lt H„0 (A) and C.H,0, (B). A gives 
,h. indofbnn paction and with NH,OH fives the oxime CmHmON (C). The oxime 
■riM. s o. ht dry ether gives an Bsaide which can be hydrolyzed to CH a COOH 
cXn (D). D with HNO a at 0°C gives an aromatic alcohol, 
% of which gives phthalic acid. B on mild oxidation fives 

■ rafeiWtic acid. C.HgO,, which is degraded by HI to CH,I and p-hydroxy 
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13. Compound A of formula C t H f N dissolvoe readily in dilute hydro¬ 
chloric add* When this solution was cooled, treated with sodium nitrite and 
then with an alkaline solution of 2-naphthol, a red solid separated. When A 
was treated with bromine water solid B precipitated immediately. Quantitative 
analysis showed that B contained 70*0% bromine. 

(e) What is molecular formula of B 7 

(ft) What was the structure of A 7 {Allahabad BA. 1971) 

14. A hydrocarbon C,H at (A) rapidly decolorises cold aqueous perman¬ 

ganate and readily absorbs one molecule or bromine* Vigorous hyd r oge na tion 
of (A) gives a compound (B) of the formula CtH.* Strong oxidation * (A) 
yields phthahe acid. Propose a structure for (A) and give the basis for your 
answer. (ABakabad BS c. 197V) 

15. An aromatic organic compound A has the molecular formula 

C,H u O t N. On hydrolysis with dilute sulphuric acid A gives one molecule of 
V plus one molecule of acetic acid. B on dlazotisatfon and treating with huge 
excess of dilute sulphuric acid at 100*C gives C. C when treated with strong 
hydriodic acid yields methyl iodide and compound D. Oxidation with acid 
dichromate converts D into E which is not aromatic in nature. B can form only 
two mono-nitro derivatives. Deduce the structures of the compounds A to E 
and give the sequence of reactions. {Delhi B.Sc. Hons. 1979) 

16. An aromatic hydrocarbon A containing 90*6% carbon on oxidation 

gave a dicarboxylic acid B which when nitrated, forms only one mononitro 
derivative C Deduce the structures of A, B and C. (Rajasthan B.Sc. 1975) 

17. An aromatic compound is found to have the molecular formula 

C v H v O f N. Write the structural formulae of the different isomeric compounds 
represented by this molecular formula. How can these compounds be distin¬ 
guished from one another ? {Rajasthan B.Sc . 1974) 

18 An organic compound A contains C*92’3% and H—7 7%. It? 
vapour density has been found to be 52. A is oxidised by KMn0 4 solution in 
cold and when fully oxidised, gives an acid B which contains C*»68'8% and 
H«*4 a 9%. A reacts with bromine and gives a compound C containing 40*6% 
bromine. What is the structure of A 7 {Rajasthan 197$) 

IP. An aromatic compound (A) contains C*»68*85%, H®»4'92%. Its 
vapour density is 61 and it forms bisulphite compound. (A) reacts with cone. 
NaOH solution to give two compounds (B) and (M). (B) contains C«60*94%, 
H«4‘3% and can be obtained by the oxidation of (A). (B) on distillation with 
soda lime gave phenol and gives violet colour with FeCl*. (M) contains 
CV67-75%, H—6 45% and can be obtained by reducing (A). What are (A). 
<B) and (M) 7 Write their structural formulae and explain the above reactions. 

{Rajasthan B.Sc . 1972) 

30. A neutral compound [A] C 7 H t O forms an oxime. When [A] is treated 
with acetic anhydride and sodium acetate yields a product IB] which deoolonses 
alkaline KMnO* solution and also gives effervescence with NaHCO». Explain 
the reaction and assign structures to A and B. (i Osmanta B.Sc. 1980 > 

21. {a) Compound A of formula C,H xl O responded to a aeries of tests as 
follows: 

(/) Na -» slow formation of H a gas bubbles. 

(if) acetic anhydridepleasant smelling product. 

(Iff) hot KMnOi benzoic add. 

(fv) Bft/CCU -► no decolorization. 

(v) I v +NaOH*» pale yellow solid, m.p. 392K (iodoform). 

(v/) rotated plane-polarized light. 

What was A 7 Write equations for all the above reactions, 

(ft) Compound B, an isomer of A, was also found to be optfcally active. 
It showed the same behaviour as A except for test (v). From the careful oxma- 
t km of B by KMnO* there was isolated an add of formula C,H|tO». What , was 
B f {Bombay B.&. Mm&ml 1972) 
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22 , A white solid A of the molecular formula C lf H, # OClN, on reaction 

with phosphorus pemachloride in ether at 273 K, gives a compound B which 
may be hydrolysed to equimolar quantities of p-chloroanihne and benzoic acid, 
What structure would you assign to A T (t>elhi B.Sc, Hons. 1976) 

23 , Compounds A and B are isomers having the molecular formula 
C«Hi»* On oxidation A gives benzoic acid while B gives phthaiic ac,d which 
forma an anhydride C on heating. Write down the names and structural 
formulae of A, B and C. Explain the reactions involved. (Delhi B.Sc. 1976) 

24 , An organic compound A has the molecular formula C,Hi # . On 

oxidation, it gives a dibasic acid B with the molecular formula C t H 9 0 «, On 
nesting, the acid B was converted into another compound C having the 
formula C 4 H A O k . The acid B on distillation with soda-lime gave the hydro* 
carbon C,H*. What structural formulae would you assign to A, B and G 7 
Give the equations of the reactions involved. (Delhi B.Sc. Hons. 1976) 

25 , An organic compound (A}C?H«Oi forms a crystalline derivative 

with sodium bisulphite. When (A) is treated with cold sodium hydroxide 
solution, two substances, the sodium salt of an acid (B) and (C) a primary 
alcohol are obtained. (B) which contains C*60 9% and H*®4'35%. tnay also 
be obtained by oxidation of (A). (B) when distilled with soda-lime give* 

phenol. (C) which contains 0=67*75% and H=6 45% may be obtained by 
reducing (A). Explain all the reactions and give structural formulae of A, B 
and C. (Gorakhpur B.Sc. 197*) 

24 . A hydrocarbon (A) having the molecular formula CjHk) on 
oxidation gives a dicarboxylic acid (B) which on nitration forms only one 
monomtro compound. Write the structures of A and B. (Gorakhpur B.Sc. 197X1) 

27 . An aromatic hydrocarbon (A) containing gi'3% carbon givea on 
chlorination three isomeric monochloro derivatives X, Y and Z. Percentage 
of chlorine in each one of these is 28. On oxidation with potassium per¬ 
manganate all the three give one monobasic acid. Acid obtained from X gives 
benzene on distillation with sod«*lirpe. Acids obtained from YandZ on 
Similar treatment give monochlorobenzene. Determine the structural formulae 
of various compounds. Explain the reactions involved* {Gorakhput B.Sc „ 1973) 

28 . An organic compound A containing 69*40% G* 5 83% H and u'56% 
N was subjected to Hofmann degradation (treated with sodium hypobromite 
and heated). The resulting compound B was purified by steam distillation. 
Compound B contained 77*38% C r 7*58% H and 15*04% N. When it waft 
heated with acetic anhydride, a crystalline compound C containing 7**09% C# 
6’7i% H and 10*36% N was obtained* Find out the molecular formula of A, B 
and C and dcsciibe the chemical transformations involved by the equations. 

( Madras B.Sc . 197 * Stpt.) 

29 . A monoterpenoid A containing 78 89% C, 10*59% H was oxidised 
wiih HNO* to give a compound B with the lime number of carbon atoma 
containing *9*98% C and 8*05% H* The equivalent weight of B was found 
to be 100 by the silver tah method. Fmd out the molecular formulae of 
A and B and describe by an equation the chemical tranafoimation of A to B. 

(Madras B.Sc. 197a April) 

30. A compound (A) of the formula C T HsO l NCl, is soluble m alkali. 
The compound on reduction with iron and hydrochloric acid followed by 






J®? ^®4SW/V ftOft ttf $foo*{) he],, d .„ 
#*)!<«*/ **"""’■ 


'' .r -‘ ' ; ■'« 

»s >h\- 


H'Mr it e fro Jut [j r K 


rnuc 


^ 

GjfrNO, -* C'H.NO, 

(At HO ib) +HC! 


HfnO, n n l 

-* C,H,N,0,U —* r,H,o, 

(C) ,o> 

Me,SO t KOH ‘>OCI, mi, 

—--► C,»H, t O,-*■ C,H u O,-* C,H,O s CI -* r,H n O.\ 

+KOH (E) (!’) (G) (Hi 

roon 

N’-OBr HNO, CrO a I ollcn s ^ x - 

--tr.HuNO->• C,H„0, - > G.H.O, - * 

NaOH (I) (J) iK) reagent 

fK. 11, 

^Calcutta B.Sc //urn. 197- 1 

[Hint Stait working back r iom ihr final nioduU to kci K then 1 —* 1 
►H —* G —* F -> 1 . -> D —► C - B ■> A.\ 



32 An organic compound A (C 8 H J4 0) terms an oxime and give s 

positive halororm reaction On u/ >nol>sis, it gives acetone and a compound B 
(CjHjOj) H foi ms a d 10 x 1 me. and on subjecting to halotorm reaction gives an 
acid C (C t H 8 0 4 > On ucdiment with excess ot ammonia and strong heating C 
gives a neutral compound D (C*lI s O a N) D on distillation with zinc dust forms 
pyrrolfc Suggest possible structures of A B, C and V fxplam ihe chemical 
1 eactions involved (/)*//n B Sc Hons , /9 T <S) 

33 An aromatic organic compound A gave a solid <_r\snllme product 
with NaHSO, With a saturated solution ol sodium hvdroxide it cave a com¬ 
pound B and the sodium salt of an aiomanc monobasic aud C The c impound 
B has 77 8% carbon and 7 4% hydrogen C on d 1 si illation wiih soda-lime g i\c 
benzene B on oxidation with potassium permanganate gaveC. Chvc the nanus 
and structural formulae of A, B and C Write down the reactions Jmvn sed 

{Dell IB Sc. /<T7 Supp:\ 

34 . An organic compound (A) having the molecular formula C ft H lff O 
gives a precipitate with dinitrophcnylhydrazinc. Iodine in the prese icc of 
aqueous sodium carbonate reacts with (A) to give iodoform. Reduction ot (A) 
gives (Bi, C*H lg O. When heated with concentrated sulphuric acid, compound 
(B) yields (C). C*H 10 . Ozonolysis of (C) gives two compounds (D), CfHiO and 
(E), C a HiO. Identify the compounds (A), (B)» (C) (D) and (E), giving reasons 
Explain the reaction of aqueous alkali on (D) and (E). (Delhi B Sc Horn 19^8) 

35 , A compound A contains 66*4% cirbon, 5 53% hydrogen and 28 05% 
chlorine. When it is oxidised v/ith KMnO* an acid B containing 69 carbon, 
4*9% hydrogen is produced. When A is treated with NaOH, M is produced 
which contains 77 8 % caibon and 7 4% hydrogen. Explain these reactions 
Give the structures of isomers of A and show how they differ from A. 

(Delhi A Sc. 031 

36. An organic monobasic acid contains carbon 60-87% and hydrogen 
4*35%. Its silver salt contains 44*05% of silvir When the acid is distilled 
with soda-lime a characteristic traeUing substance is obtained which gives violet 
- c loiif whit t feme chloride solution. 
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Wk »fc£*rate experiment the acid on reduction gives another acid which 
iHWttiitation with soda-lime gives benzene. 

Explain these reactions and assign the structural formula to both the 
asidi, (Ravi Shatter B.Sc, 1972) 

37. A polycyclic aromatic hydrocarbon (A), containing 94 31% G and 
5*66% H, is oxidised with chromium tnoxide caret ally to yield a command (B), 
having 80*76% C and 3*87% H. On Further oxidation with hydrogen peroxide, 
(B) gave an acid having 69*42% C and 4*16% H. Describe the chemical trans¬ 
formations involved by means oF equations. ' (Madras B.Sc. 1973) 

38 A substance (A) of the molecjlar formula C^H^O reacts with 
hydroxylamine to famish a compound fB), having the molecular formula 
CuH lf ON. (B) is converted by the action of phosphorus pentachioride into an 
isomeric compound (C). When hydrolysed with alkali, the compound (C) gives 
2-naphthylamine. Deduce the structures of (A), (B) and (C). 

(Calicut B.Sc. 1972) 

39 An organic compound A (C 7 H 7 Ci) gives two isomeric nnionitro 
derivatives B and C. ‘A’docs not give a precipitate With alcoholic AgNO, 
but on oxidation with KMnO* gives D (C 7 H,O a CI) \yhich oi heating with 
soda-lime gives C*H B C1. On treatment with NaNHj ‘A 1 gives a mixture of the 
isomeric compounds E and F oF formula CtH^N. Both E and Fean be dtaeo 
tised and coupled with 2-naphthol E but not F on diazMmtioa atii warming 
with CuCl gives back A Give structures Tor the compounds and explain the 
formation oF E and F from A. (Madras BJ>c. 1980) 

40. Anorganic compound A, having the mjlecular foimula C.»H 1 b O, 
can oc synthesised /rom b-.izenc and beuzuyl chloride in presence of anby- 
drous aluminium chlo.idc. Compound A reacts with hydroKyUmiaz to form 
a derivative B (Molar formula ChHjjON). On heating the compound B with 
sulphuric acid a rearrangement occurs and a compound C is obtained. Qa 
prolonged heating with aqueous MaOH compound C gives a liquid D (Molar 
formula C e H,N) which is collected by steam distillation. Wnen an acidic 
solution of D is chilled and treated with NaNO, and then with 2-naphthol, a 
red dye is obtained. 

Explain the above reactions with the help of equations and assign 
structure to the compounds A, B, C and D. (Delhi B.Sc . Hons . /At/) 

41 An organic compound A whose vapour density is 64, Contains 
93 75% carbon and 6*25% hydrogen. A on catalytic oxidation gave B contain¬ 
ing 64 56% carbon, 2*7% hydrogen and 32*34% oxygen, B on hydrolysis gave 
an acid C which is dicarboxyhc in nature (Equivalent weight—53). C on heat¬ 
ing with soda-lime yielded a hydrocarbon containing 92*3% carbon. Identify 
A, B and C. (KamraJ Untocriity BSc. 1981) 

42. An aromatic liquid oT molecular formula C T H,0 reacts with metal¬ 
lic sodium liberating hydrogen gas Oxidation of A at first gives a colourless 
Oily liquid B of molecular formula C^HjO. Prolonged oxidation of A gives 
finally a white crystalline solid C of molecular formula CfH'O,. C dissolves 
in sodium hydroxide solution to give compound D of molecular formula 
C^HtOiNa, When D is strongly heated with soda-lime, benzene is formed. 
Identify compounds A, B» C, and D. Explain the reactions Involved. 

(Madras B<St. 1980) 

43. A neutral organic substance A or molecular fomula C. t H lc Oj on 
boiling with alkali gives B (C,H t O,) andC (C,H.O). B is soluble both in 
N?OH and in NaHCOi and on heating with alcohol in presence or anhydrous 
zinc chloride gives a pleasant smslling liquid D (C a H lt Oj. G is soluble in 
NaOHbut insoluble in NiHCO*. On heating with chloroform and alkali it 
gives E (CfHiOa) which gives a silver mirror with Tollen's reagent and blue 
colour with ferric chloride. E on oxidation jives P (C,H*0,) which is salable 
in NaHCO, and gives a violet colour with ferric chloride. Write the structures 
of the compounds A to F and explain the reactions involved. 

(Madras B. Sc. 1980) 
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44. An organic compound A contains C-Bl‘55%, H-4S% and 
Its vapcur density is 51*5. It evolves NH» when hydrolysed with 
KCH and gives B A on redudion with sodium and alcohol gives a base C. 
C if sets with HNO a giving off Ni and yields an alcohol D. The alcohol on 
oxidation givea benzoic acid Identify A, B # C, and D and explain all the 
reactions. (Indore S.Sc. 1982) 


ANSWERS 

1. Hydrocarbon C 7 H 8 , probable structure 
Na and alcohol 


CH« 

o 


a. C.HICN 

Phenyl cyanide 
or Benxonitrile 

But ! KOB 


4H 


i 


CiHsCOOK (4-NHi) 


tstlll 

Potaaaii 


um benzoate 


CsH # CH l NH, 

Bcnzylaminc 

J HNOi 

C.H 6 CHiOH 
Benzyl alcohol 

j° 

C e H B COOH 
Benzoic acid 


ch 8 chci, cho 

Q —0 “ O 

Toluene (A) Benzylidene chloride Benzaldehyde (B) 

CH-CH.COOH 

Acetic anhydride 


Benzaldehyde 

(B) Perkin reaction 


o 


Cinnamic acid (C) 


Vigorous CH.Of^^COOH 
I^UcOCH* oxidation l^UcOOB 


Aromatic ketone, 
CmHlOj (X) 


NtBrO 


Dibasic acid 
C.H.O, (Y) 

Heat | —HgO 


“tje 


lco>° 


Anhydride 


CH|Oi 



Soda-lime CH a O 


CH. 


Monobas 
CfHieOs (Z) 
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.. f^fT' ?° 

l^vUcOCHi l^LiOOOH Heat 

e-methylacetophenonc o-Toluic acid 

CgH ld O (R) 

Vigorous 1 oxidation 



Phthalic acid Phthalic anhydride 



CHiCOOCHi 



Methyl ester 
V.D.-75 


CHiCOOH 



Phenylacetic acid 
(A) 

Heat | Soda-lime 
Toluene 


COOH 



Benzoic add 
(B) 


Isomers : 



p-toluic acid m-toluic acid COOH Methyl 

p-toluic acid benzoate 



Benzyl alcohol e-methyl- rn-methyl- OH 


phenol phenol ^-methyl- 

phenol 
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m&CQ, 


EOH (Sr 


Phthalimida 
C«H c O|N (C) 

NaOH 

jNaCJO 


Potassium 

phthalimidc 


^'^COOH Soda-lime 


Heat 

p-amiuobenzoic Aniline 

acid (D) 

/ N0 1 Sn/HCl /NH, 

c - h <cooh-- C,H 'Vooh 

0 ‘ % m- of p-mtro- o-, /n- or p- 

benzoic acid aminobenzoic acid 


(0 NaNO ,/HCl at 0°C 
(10 boiling 


n cooh 

0 ‘, m- or p- hydroxy- 
benzoic acid 


C,H,OH 

Phenol 


CH,o(^ —C—C*H, ^>-C-C,H, 

\ / ii \ / 4 II 


O 

E.F.-C,H t O(A) 


Beckmann 
(•arrange men t 


A) CijHjjOtN (■) 

CH,0 —C—NHC*H» - 


V 

Isomeric compound (C) 






p-mc thoxy benzoic acid Aniline 

Stereochemical arrangement of Aryl group : 

C * H ‘\ Ca .i} _ °Sc_ n / c * h * 

ch,o.c.h/ b) Ns oh ch,o.c,h/ (C) Nt 

11U C»H, group anti to the OH group in B, that migrates from C to N 
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c 


|CH|—C—CH (/ \\ OCH, 

:h, ch, '=/ 


Ci,H„0(X) 


Ozonolyiii 



C w H ib O(A) which 

Rives iodoform reaction C t H|0|(B) 


O CH,—C—O NH t OH f-^^CH.-C-NOH PCI, In 

CH. U "l^JJcH, U 

Oxime, Ci«HiaON(C) rearrange* 
ment 


O CH,—NH.COCH, H,0 (^^jCH.NH, 

CH» —CH.OOOH 

Amide C^H n N(D) 



Aromatic alcohol PhthaHc acid 

C^HmO 
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13. B is G T H,NBr a ; 


Aiim* tolnidine 


CH« 


0 r"^O£ 


iCHBr.CHfBr 


CVHufA) 
4H, I (Ni) 


H|« CHa 


Strong |j oxidation 

r^TlCOOH 




OCH, 

O 


H.O, H+ 


^>*COOH 
PhtbAlic add 

OCH, 


NHCOCH, 

p-metboxy- 

acctanilidc(A) 


-I- CH.COOH 


NH, 

p-mcthoxy- 
aniline (B) 

It is p-derivativo since it can give only 
tjvo mononitro derivatives. 

ioiazotisation ; beat 
M OCH, 


O rr.1 OH OCH ( 

«55^5> Q* 5 - Q 

O OH OH 


1, 4-Bcnzoqminone 1, 4-Bcnzenediol 


COOH 


OH 

p-methoayphenol 

(C) 




COOH 

^NO. 


p-xytene 

(A) 


COOH 

rtre~phthmlic 

add(B) 


yCH a -O 

<=•"<». ; WW( 0 

o~,m- tc.p- PhenylnlUo- 

Nitrotoluene* ntmaa 


C,H»CHr-jO—N—O 


COOH 
mono-nitnc 
deriv. (C> 

/NH, 

c»h 4 / 

^OOH 

o- t a & p 

Aminobenzoic acid 
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IO] 

1*. C.H.CHBrCH.Br «— C a H l CH»CH,-► C,H,COOH 

(C) containing Styrene (A) Benzoic add (B) 

60’6% bromine 


19. 


/OH Cone. N&OH 

c.h/ -► 

x CHO 

m- A p-hydro*y- 
benzaldchyde 
(A) 


/OH 

- C.H*' 4 

x COOH 

o- t m- & ^-hydroxy- 
benzoic acid 
(B) 

can be obtained by 
oxidation of (A) 

+ Soda-lime 
C v H b OH 
Phenol 


yOH 

C,H *Nm,oh 

p- hydroxy* 

benzyl alcohol 

can beobtained 
by reduction 
of (A) 


NH b OH 

20. C,H,CH=**0-► C,H,CH*NOH 

Benzaldehyde Oxime 

(A) , , 

Acetic | anhydride 
4- 4 Sod acetate 
C.H.CH-CH COOH 
cinnam.c acid 
(») 

B decolorises alkaline KMnO, (property of C-»C) and liberates CO* 
from NaHCO, with effervescence (properly of COOH group) 


21 . 


H 


O —CH| —i—CH, 
OH 


l-Phenyl-2-propinol 

A 


H 



2- Pheiyt-1 -propanol 



PCI, in ether 


at 273K 
Beckmann 
rearrange¬ 
ment 


NH.CO C*H, NH, 



N-substituted p-chloroamlino 
amide +C - H»COOH 

Benzoic add 


In Beckmann rearrangement Cl—CgH*— being anti-R group migrates from 
carbon to nitrogen. It la the conversion of a ketoxune to AT-substituted amice. 


n li mnu 
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-'CH, 

COI„ (K) 

e-xylcnc 



7 0H^ NaOH .OH 

23. C^l/ -> C.H / + 

x^o N^.oh 


q~, m- or p-hydroxy- 
baaxaldchyde 
(A) 

i 

L 


IHJ 


o- t m* or /^hydroxy- 
benzyl alcohol 
(C) 

t 

_J 


-l 

I 

yOH 

c.h/ 

X COOH 

o-, m- or p~ hydroxy- 
benzoic acid (B) 

| soda-lime 

C.HiOH 

Phenol 


CH. 


COOH 



Nitration 


COOH 
/ere-phthaJic acid 
(B) 



COOH 
only one mono- 
nitro compound 


a,, 

27. QH..CH,-] 

Toluene 
(A) 


[O] 

—vC.H.CH.CI -► 

Benzyl chloride 

(X) 

.CH, [O] 

-> c,h.< — 

N C1 

o- & p-chloro- 
toluene (Y & Z) 


CaO 

C.H.COOH -> C.H. 

Monobasic acid Benzene 


c.h/ , 

^ci 

monobasic 

acid 


COOH CaO 


c.H,a 

chloro- 

bcnme 


NaBrO 

U. C.H.CONH, -► C.H. NH* 

Benzamide Hofmann Aniline 
(A) degradation (B) 


Ac,0 


C.H. NH.COCH. 
Acetanilide 
(C) 


29. 


HNO, 

C..H o -► CjrHjrC. 

Camphor Camphoric acid (B) 

(A) (-4 dibasic acid shown by its 

Mol. wt.-=200 and Eq. wt. given** 100) 
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Acid (Eq wt—191) p-dichloro- only one 

1C) benzene nitro deriv. 

(D) 

CH.COOH CH.COOH CH.COOH CH.COOH 



C,H r NQ, (A) C.H.NO, (B) C,H,N,0, Cl (C) C.H.O, (D) 

p-nitrophenyl- p-aminophcnyl- p-diazophenyl- p-hydro*y- 
acetic acid acetic acid acetic acid phenylacetic add 


CH.COOCH, 
Me.SO, KOH 

? U—■ 


+KOH I 


CH.COOH 
, SOCI t 

I—• 



CH.COC1 
NH, 


CH.CONH, 




OCH, 

Ci P H u O, (E) 
methyl ester of 
p-methoxy-phenyi- 
aceiic acid 


OCH, 

CJHi.O. (F) 
p-methoxy- 
phenylacetic 
acid 


OCH, OCH. 

C.H.O.CI (G) CpHnO.N (H) 
p-mcthoxyphenyl- p-methoxyphenyl- 
acetyl chloride acetamide 


NaOBr 

NaOH 



benzylamme benzyl alcohol benzaldehyde 


32. A is(CHj), C=~CH.CH 2 .CH I .CO.CH, (C,H u O) 

6-Methyl-5-hepten-2-one 

B is CH,.CO.CH a .CH l .CHO (C.H.O.) 

4-Oxopenlan-l-al 

C is HOOC—CH,—CH.—COOH (C.H.OJ 

Succinic acid 

ch.ox 

D is | ^NH (C.H.O.N) 

CH.CO' 

Succinimide 


33 . 


S4, 


NaOH 

2 C.H.CHO--► 

Benzaldehyde 

(A) 


C. H.CH.OH 
Benzyl alcohol 
(B) 


C.H.COONa 
Sod. salt or Benzoic ad ® 

(C) 


o 

C.H.CH.OH C.H.COOH 

(B) (C) 

A Is CH.CO.CH (CH.), 
3-Methyl-2-butanone 


Soda 

-- C.H. 

lime Benzene 


(C.H..O) 
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S l» CH,.CHOH.CH(CH,), 
J.M«hyl-2-buUao! 

(QH.,0) 


C it OLCH^CfCHOt 

2-M thyI-2-bufeae 

(C.1W 


0 it CH.CHO (Ethsotl) 

<CW» 

tad 

E it CH..CO.CH, (Prcpaoooc) 

(C.H.O) 


35. Empirical foiEruIgr A, Bird M are C,H 7 C1, C,H t O, and C 7 H 4 0 
respectively. 

A on oxidation loses Cl atom, it must be present tn the side chain which 
as a whole is oxidised to COOH group, 

A is C i H l CH 1 Cl (Benzyl chloride) 

B is C,H t COOH (Benzoic acid) 

M is C l H t CH 1 OH (Benzyl alcohol) 

NaOH KMnO. 

C l H,CH 1 OH -i-C,H,CH,C1-► C a H,COOH 

Benzyl alcohol Benzyl chloride Benzoic acid 

M (EF GfH t O) A (EF C 7 H 7 C1) B (FECjH'O,) 

I tamers of A 


CH, CH. CH P 



o-Chlorotolucne m-chlorotoluene p-chlorololuene 

They aive different products on oxidation and hydrolysis. 

36. Molecular formula of the monobasic acid is C,H v O, The acid 
gives a product with soda-lunc that should be phenol (violet colour with FeCU). 


yOH 

So it could be a phenolic acid, C«H 4 £ 

^COOH 


y 0H NaOH 

C.H 4 --► 

X COOH CaO 
o-. m- or p-hydrodxy- 
benzoic acid 


CLHgOH 

Phenol 


c.h 4 / 


OH 

COOH 


Reduction 


Soda 

C|H|COOH —► C.H, 

lime Benzene 


37. (0 Empirical formula of (A) — C 14 H l4 

Empirical formula of B—C,H 4 0 and that of C«*C v H 4 0 a ; 

C u H l4 corresponds to anthracene* 


(if) Oxidation of anthracene gives anthraquinone while that of phenan- 
threne gives phen anthraquinone, both have the molecular formula OmJMV 
This is twice the empirical formula of (B). 

(W) Oxidation of pheuanihtaquinone yields diphenic acid. C l4 H u 0 4 
(this is twice the empirical formula of C) while oxidation of anthraquinone 
yields alizarin, C M H,0 4 (this is not simply related to the empirical formula 
of C). 


throne. 


Hence (O is diphenic acid. (B) is phenantbraquinone and (A) is phene* 
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38. Hints. The final compound is 2-naphthylaraine, so (A) is a naphtha¬ 
lene derivative. The reaction of (A) with NH,OH indicates the presence of 
>C*»0 group. The formula C, b H ib O indicates the presence of an alkyl group, 
C,H f (naphthyl is 0 a9 H v -‘). The reactions are : 


eaCfHs HjVoh 


QCf 


urn 

4 C|H 5 


PO, 


SACHMAHb 

lUARMmfMCHl 


( A) C 1B H L |0 
If 


(C) (botnet of B) 
39. CH, 


MB 


(B) C„H 1P ON 

00 ^ + K *°* +rrH50H 


2-naphthyl amine 

CH, CII, 


O—Ou • O' 


a 

(CfH f Ci, A) 
p-chlorotoluene 


Cl CL 

(B) (C) 

Two isomeric manor it ro derivatives 



CH, 

o 


(E) 


(P) 


Both can be diazotiaed and coupled 
with 2-naphthol 

A1C1, NH.OH 

-► C.H,—C—C,H* --+ 

b 

Benzophenone (C u H„0) 

(.A) 


49. C,H« + C,H,COCl 
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MISCELLANEOUS QUESTIONS 
(A) WHAT HAPPENS 

1. What products are formed in the following reactions : 

(а) Aniline is treated with dilute hydrochloric acid and sodium nitrite 
solution at 0* C. 

(б) Salicylic acid is heated with acetic anhydride and sodium acetate. 

(c) Succinic acid is heated. 

id) Concentrated sulphuric acid is added to glucose. 

(*) Toluene is heated with potassium permanganate solution. 

(Andhra B.Sc , I974Y 


2. Give the structure of product or products in the following reactions: 
CHC1 b , KOH 

( 0 ) Pyrrole ---► 

CH|0, HCJ 
(h) Thiophene —--■-► 

(c) Fur an + maleic anhydride—► 

KMiiO, 

( d) Quinoline -- > 


KMnO* 

(e) Isoquiuoline - * 

3. Predict the products in the following Tractions ■ 
A1CI,, Succinic anhydride 
( 0 ) Benzene -► 


( b ) p-Cresoi 


CHCJ t , NaOH 
Br a -f NaOH 


(Andhra B.Sc . 1974) 


(c) Phthalinude -> 

Hlhyl malonate NaOFt 

(d) Ph—CH-CH—COPh-► 



( 1 Culitut B.Sc. 1973) 


4. Predict the products in the following reactions : 

NaNH., Heat 
(a) Pyridine-- 


(6) Ph.C-CPh. 

* I 

H OH 


h,so 4 


A: 



<«) C.H.NH.NHC.H. 
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3. HVhit arc the product! obtained when 
fo) Acetanilide M treated with bromine, 

(W Iodobenzent b reacted with chlorine and alkali added to die product, 
(c) Methytaailine is acted upon by nitrous add, 

U) Benzyl alcohol is reacted with concentrated hydrochloric add, 

(#) Beiuophenone is fused With caustic potash 7 (Keraf* B.Sc. 1973) 

& What happens when 

(o> Toluene is treated with chlorine, 

(W Benzenesulphonyl chloride is treated with ethylamjae and alkali is 
added to the product* 

(c) Nitrobenzene is reduced in alkaline medium, 

(d) Aniline is treated with carbon disulphide and solid potash, 

(e) Phenol is refluxed with carbon tetrachloride and alkali, 
if) Benzoic acid is distilled with acetic anhydride, 

(g) Salicylic acid is treated with phosphorus pentachioride, 

(A) Cinnamic acid is treated with chromic acid, 

(0 Phthalic acid is heated with ammonia ? (Kerala M Sc. 1972) 

7. What are the products obtained in the following reactions ; 



(f>) CH.-CH—CH-CH, + CH.~CH.CHO-► 

OH- 

(c) C,H,CHO + HCHO-► (Madras B.Sc. 1974) 

I. What happens when 

(i) Toluene is oxidised with alkaline potassium permanganate, 

(//) Acetophenone is reduced with sodium amalgam and alcohol, 

(/ii) Bcnzaldehyde is heated with alcoholic solution of potassium cyanide, 
(fr) Diphenylamine reacts with nitrous acid 7 (JtaW Shankar B.Sc, 1972) 
9. State what happens when, 

(а) Citric acid is treated with fuming H,SO A at low temperature, 

(б) Tartaric acid is treated with ice-cold H t O* in presence of a trace of 
Fe* 4 salt, 

(c) Malonic ester is treated with HNOb in cold, 

{d) p-Nitroaniline is boiled with alkali, 

(e) Picric acid is treated with PC1| and the product so formed is boiled 
with water 7 (Burdwan B.Sc. 1974) 

I9» What happens when 
(a) Malonic acid is heated to 41<M20K, 

(by Sodium nitrite and a few drops of HO are added to an aqueous 
solution of urea, 

<c) A solution of phenylbydrazine is added to an aqueous solution of 

glucose, 

(d) Dry sodium phenate is heated with carbon dioaide in a closed vessel 
under pressure to 390-40QfC v 

(«) Glycerol is heated with potassium bisulphate 7 (Bardwan B.Sc . 1970) 
It Explain What happens when 

(so Ursa is treated with oxalic acid in the presence or phosphoryi 
Chloride, 



QUESTIONS ) j|> 

M^Jffi **** * * **** * *”«* *<» * if 

W A mfctoe of 1,3-benzenediol and phthaiic anhydride if heated ^ih * 
Ibw drops of concentrated sulphuric add and Die reaction product is poured into 
dilute alkali 7 {Catcmtm JLSc. Wf) 

m tmCAL CONVERSIONS 

1. Outline bow the following conversions may be effected : 

(ci) Aniline into acetanilide, (6) Benzene into toluene, 

(c) Aniline into iodobenzene, (d) Formaldehyde into methyl alcohol, 

(e) Acetic acid into acetamide. {Andhra B.Sc* 1974 ) 

2. How may the following conversions be effected : 

( a ) Glucose into fructose, (6) Fructose into glucose, 

(c) Aniline into quinoline, {d) Anthracene into alizarin, 

[e) Sulphamlic acid to methyl orange 7 {Andhra B.Sc . 1974) 

3. How are the following interconversions carried out: 

(a) D-glucosc to D~fructose v (6) D-trabinosc to D-glucosc, 

(c) O-glucose to D-m&noose, (d) D-glucose to D-arabinose 7 

{Calicut B.Sc. 1974 ; Kerala 1975) 

4. How are the following conversions effected : 

(o) Benzene to acetophcnono, {b) Oxalic add to formic acid, 

(c) Phenol to salol, (d) Benzaldehyde to benzilic add 7 

{Bangalore B.Sc. 1974 ; Kerala 1970) 

5. How do you convert: 

(f) Methyl chloride into ethane, (//) Toluene into benzyl chloride, 

(Hi) Anthracene into anthraquinone, 

(fr) Phenol to salicylic acid, (v) Benzene to iodobenzene 7 

(Bangalore BSc . 1974 , 71) 

B. Indicate how the following conversions may be brought about: 

(/) Benzene to T.N.T , (//) Toluene to benzaldehyde, 

{ill) Phenol to aspirin, (hr) Acetic acid to acetoacetk erter, 

(v) Naphthalene to phenolphthalein, 

(W) Benzaldehyde to dnnamic acid. (Bangalore B.Sc. 1975) 

7. How are the following conversions carried out: 

(0 Phenol into pheoacetio, (It) Naphthalene into 2-napthylamioe, 
(ftf) Glucose into fructose, (Bombay B.Sc. 1975 ) 

B. How will you carry out the following conversions : 

(a) Glucose into fructose, (b) Naphthalene into naphthylamine, 

(e) Anthracene into alizarin, (d) Benzene Into T.N.T., 

(*) Benzene into 1,3-beozenediol. {Bombay B.Sc. 1972 , 71) 

9. How would you convert: 

(a) Glucose into fructose ; (b) Phenol into benzene ; 

(c) Fructose into glucose 7 (Delhi B.Sc. 1972) 

10. How will you obtain: 

(a) Toluene from benzene, [(6) m-nitrotoluenc from tohreae, 

(c) m-diainiaobcnzcne from benzaldehyde. {Delhi B.Sc* 1972) 
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tt« How would you convert any four of the following: 

W An aldose into « ketma; (b) A pentose into sbexose ; 

<«) Benzene into salicylaldafayde; (d) Benzene into 1,3-bcnzenediol • 
(#) Benzene into o-nitroaniline 7 {Delhi B.Sc, 1971 ) 

(€) HOW WILL YOU PREPARE 

1. How will you obtain : 

(a) Meta-nitranUinc from metadinitrobenzene. 

lb) Azobenzene from nitrobenzene, (c) Meta-nltro toluene from toluene, 
Id) Cinnamic add from benzaldehyde 7 (Jabalpur B.Sc. 1973 ) 

2. How would you obtain the following : 

(a) Phenol from Benzene. (6) Cinnamic add from malonic ester. 

Cc) Salicylic add from phenol ? (Madras B.Sc. 1971) 

9. How will you obtain the following : 

(1) Anthranilic acid from phthalic acid. 

(2) m-mtrotoluenc from benzene. (3) Succinic acid from ethanol. 

<4) Oxalic acid from sucrose. (5) m-nitroauilinc from Benzene. 

(Nagpur B.Sc. 1973) 

4. Outline the steps for the preparation of following : 

(1) Ethyl acetoacetate from acetic acid. 

(2) Acetophenone from benzyl alcohol. (3) 2-naphthol from naphthalene. 

(4) Iodobenzene from diazonium chloride. 

(5) Benzoic add from cinnamic acid. (Madras B.Sc. 1973 ) 

5. Starting from benzene, show how you would prepare; 

(t) Iodobenzene. (if) Aspirin. 

m T.N.T. (Bombay B.Sc. 1973) 

4. How do you obtain the following ; 

CO Allyl alcohol from glycerol. (if) J-trinitrobenzene from T.N.T. 

(tff) Cinnamic acid from benzaldehyde, and ethyl acetate ? 

(Burdwan B.Sc. 1974) 

7. How will you prepare : 

(a) p-Hydroxyazobenzene from aniline ; 

( b ) Fluorescein from phthalic acid ; (c) Aniline from sulphanilic add ; 

(d) Meta-nitroanUiue from benzene ? (Delhi BJSc , 1972) 

g. How will you obtain— 

(a) Benzylamine from Benzaldehyde, 

(6) Hydroxylamine from Nitrobenzene, 

(c) Cinnamic add from Benzyl chloride, 

(d) Phenylhydrazine from Aniline, (*) Picric acid from Salicylic acid, 
(f) Phenol from Saticylaldehyde, and (/) Bcnzophenone from Benzene 7 

(Rajasthan B.Sc. 1971 ) 

(0) HOW WILL YOU DISTINGUISH BETWEEN 

1. How are the following pain of compounds distinguished by means of 
their motions : 

(a) Decalin from naphthalene, 

(b\ Cyclopropane from ethylene, 

(a) Vinyl dilodde from allyl chloride, 
li) fro® •ttO'toa* ? 


(JWMhw J.Se. 1973) 
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S. How an the following distinguished by their reactions: 

(o) Benzoquinone from benzophenone, 

{by Salley laidehyde from acetophenone. 

(c) Diacetyl from acetic anhydride, 

(rf) Acetyl chloride from ethyl chloride, 

(e) Glucose from fructose. {Madras BSc. 1973) 

3. How would you distinguish between : 

(0 HO-CH,- O end HO 

(H) CH.COCH.CH.CH. and CH.CH.COCX^CHj 

( W) CH.CH-CH—CH«CHCH a and CH^H-CH—CH,—^H-CH.? 

{Madras B.Sc. 1971) 

4. How would you distinguish between : 

(a) 2, 4-dimethylaniline and W, JV-dimethylanilino. 

(b) Benzamide and acetanilide. 

(c) e-pentane and 1 -methy 1-2-cthy lethylenc. 

(d) 2-naphthol and 2-naphthyl methyl ether. 

(e) BenzaLdehydc and diphenyl ketone. 

(/) 3, 5-dichlorobenzoic acid and methyl-S, 5-dichlorobenzoate ? 

(OsmarUa B.Sc. 1971) 

5. Give one chemical test in each case to distinguish : 

(/) formaldehyde from acetaldehyde, [if) acetaldehyde from acetone, 

(///) Benzoic acid from salicylic acid. {Bangalore B.Sc . 1974) 

(C) STRUCTURAL FORMULAE 

1. Write down the structural formulae of : 

(a) methyl orange, (b) 1,2,3-benzenctriol (c) 3-mcthylbanzcnol 

id) isoquinoline, (e) phthalic anhydride, (/) 2-nitronaphthakno 

(r) azobenzene, and (A) o-xylene. 

Z. Give the structural formulae of : 

(0 DDT, (tf) Picric acid, (NO Saccharin, 

(rfv) Gammcxane, (v) Glucose, (W) Benzenesulphonic acid, 

(rif) Chloramine-T, {viti) Benzoin. 

3. Give the structural formulae of : 

(I) Chloramine T, (2) Saccharin, (3) Aspirin, 

(4) Triphcnylrne thane, (5) Cinnamic acid, (6) Azoxybenzene, 

(7) TNT, (8) Meta-toluidme, (9) p-aminoaxo benzene, 

(10) Hippuric acid. 

4. Give the structural formulae of the following substances ; 

(a) p-Broraotoluene and benzyl bromide ; 

(A) Benzamide and acetanilide ; (c) Phenol and salicylic acid ; 

(i d ) Methyl ether of salicylic add and methyl salicylate ; 

(e) N-Methylaniline and toluidine; 

(/) Bezyl alcohol and methylbenzenol 
5, Write structural formulae of the following compounds ; 

(a) Acetophenone-oxime, (6) Benzanilide, (c) DDT, 

(d) Saccharin, (*) Phenolpfathalein, CO T.RT« 

(l) p-Quinone, and (A) Pyrop 

TOC-lII^-83-20 
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(V) NAME REACT IONS 
Write short notes on: 

1. Friedel*€rafts reaction, 
Rayiskankar 1972 ; BhagaJpur 1972 

2. Fittig's reaction. 

2, Kolbe's synthesis, 

4. Perkin's reaction. (Punjab 

5. Sandmeyer’s reaction. 

4. Rcitntr-Tiemann reaction. 

7. Classen's condensation, 
t. Gattennann’s reaction, 
f. Rosemnund’s reaction. 

If. Clenunensen reduction. 

11. Schottem Baumann reaction. 

12. Hofmann degradation. 

13. Cannizzaro reaction. 

14. Gabriel phthalimide reaction. 

15. Grignard reaction. 

16. Wurtz-Fittig reaction. 

17. (0 Dieckmann cyclisation. 

(iU) Beckmann transformation. 

If. (0 Benzidine transformation. 

00 U) unarm reaction. 

If. Skraup synthesis. 

20. (f) Schmidt reaction ; 

(IU) Fischer-Hepp rearrangement 


{Calicut BhSc. 1972 ; Nagpur 1973 ; 
»Pint/flO and Guru Nanak T.D.C. 297i) 

(/>*/*/ B.£c. 7972; Piotfah 197/) 
A Cara Atom* Jf Sc. 1971; Delhi 1972) 
(Kavishankar B.Sc. 1972 
(Punjab B.Sc, 1971 ; Delhi 1971) 
(Delhi B.Sc 1971 ; Punjab 1971) 


(Calicut BS c. 1973) 
(Bhagalpur B.Se. 1972) 
(Punjab B.Sc. 1971 ) 
(Punjab B.Sc . 1971 ; Delhi 1972 ) 


(10 Diels-Alder reaction. 


(Kerala B.Sc. 1973) 
(Delhi B. Sc. 1972, 71) 
( H ) Hofmann rearrangement; 


(/r) Bart’s reaction ; (r) Benzidine transformation. 

21. is) Hofmann Rearrangement. 

(6) Houben-Hoesch synthesis. 

(e) Benzoin Condensation. (Calicut Vniv. 1973) 

22. (o) Claisen Rearrangement. 

(b) Skraup synthesis. ( Calicut B.Sc . 7972) 

23. Houben-Hoesch reaction. ( Kerala B.Sc. /P7i) 

24. (a) Reformatsky reaction, (b) Etard reaction. (Kerala B.Sc. 1972) 

25. (a) Claisen synthesis ; (6) Benzoin Condensation. (Nagpur B.Sc , 1973 ) 

26. Fries rearrangement. 

27. Antdt-Eistcrt synthesis. 

(G) IMPORTANT REAGENTS 

1. Discuss the use of the following in Organic Chemistry: 

(a) PhenyUiydrazine; (b) Anhydrous aluminium chloride; 

(c) Schiff's reagent; (rf) Tollen's reagent; 

(*) 2-Naphthol; ( f) Zinc dust; 

C g) Ferric chloride; and (A) Copper sulphate. 

2. Discuss the uses of die following reagents : 

(a) Nitrous acid, 

tb) (f) Aluminium chloride. 

(10 Acetyl chloride, {///) zinc dust. 

(fr) Alcoholic potassium hydroxide. 

(v) Carbon tetrachloride. 
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W (0 *utam cyanide. (ff) Sodium hydroxide. 

(m Bromine. <fe) HNO* 

(?) Lithium aluminium hydride. 

(ri) Aluminium isopropoxide. 

(IQ SHOftT NOTES 

1* Write short notes on toy three of the following: 

)e) Crum-Brown-Gibson’s Rule. (b) Dehydrogenation. 

* *) Purification of benzene. (d) Decalin. 

Z. Write short notes on soy three of following based*on electronic 
conception : 

(0 Fridel-Crafta Ketone synthesis, (U) A idol condensation. 

(«0 Addition of HBr to propylene in the presence of peroxide. 

(/v) Lewis acids. 

3. Write short notes on any two of the following : 

( 0 ) Separation of primary, secondary and tertiary amines. 

(6) Orientation in benzene ring. 1 
<c) Racemic and meso-tartaric acids. 

4. Write notes on any three of the following ; 

(a) Crum-Brown and Gibson Rule. (6) Phthalein dyes. 

(,}\ Cannizzaro reaction. (d) Coupling reaction. 

(e) Perkin roaction. 

5. Explain and illustrate any three of the following : 

(0 Formylgtion, (r‘0 Chlorination of toluene, 

((if) Resemblance between the reactions of phenol and pyrrole, 

{iv ) Fnedel-Crafts reaction, and (v) Rcimer-Tieroann reaction. 

Write dotes on the following examples : 

(/) Directive influence of groups in aromatic substitution, 

(tf) Fnedel-Crafts reaction, 

(M) Reimer-Tietnann reaction, and 
(ft) Sandmeyer reaction. 

Cl) HOW WILL YOU SHOW 

1, Give evidence to show that— 

(а) Benzene has a special structure which is saturated as well as unsaturat- 
ed (modem concept) ; 

(б) Naphthalene has two benzene rings ; 

(c) Glucose has a pyranosc ring ; and 

(d) Quinone does not have aromatic character. 

2. How will you show that: 

( 4 ) Phenol is acidic in nature; and 

rrt The unsaturated diameter of benzene is somewhat different from 
olefins 1 
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(D ORGANIC ANALYSIS 

i Give the characteristic testa to the detection of the following group* 
when they mo present In in organic compound: 

(«) Acetyl; (6) Aldehyde; 

(c) Ketonic; (d) Carboxyl. 

2 . Give the characteristic tecta for the detection of the following groups s 
(a) Nitro; (b) primary amine ; (c) amido; (d) acetyl ; 

(e) aldefaydk; (/) ketonic; (g) phenolic hydroxyl; (h) carboxyl; 
when they are present in aromatic compounds. 

(E) HOW WILL YOG SEPARATE 

1. You are given a mixture of benzene, aniline and phenol. How would 
lee obtain from it a pure specimen of each and how would you identify eachl 

(L) EXPLAIN WHY 

1. Sulphonatioa of naphthalene is a temperature controlled reaction. 

(Delhi B.Sc. 1982) 

2. In anthracene the 9 JO positions are usually attacked. 

(Delhi BSc. 1882) 

3. Electrophilic substitution of pyrrole is easier than in the case of 

te. (Delhi B.Sc. 1982) 

4. Electrophilic substitution of pyridine is difficult to achieve. 

(Delhi B.So. 1982 ) 
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NEW TYPE QUESTION BANK-tfH) 

Short Answer Type: 

x. What types of substances are included in the term 
carbohydrates now ? 

a. Give molecular formulae of (i) arabinose, (ii) glucose# 
(it*) fructose, (iu) sucrose, (v) maltose, (vi) starch, (vti) cellulose. 

3, Write equations for the hydrolysis of (i) sucrose, (si) 
starch, (iii) inulin. 

4, Write equations for the conversion of glucose into 
fructose and vice-versa. 

5, Write down the configurational formulae for D-glucose 
and D-fructose and answer the following question : 

Would they give the same or different osazone ? Explain 
with equations. (Burdwan B.Sc.# Ip77) 

6- Name the monosaccharides which the following give on 
hydrolysis : 

(i) sucrose, (11) maltose, (iii) lactose# 

(\v) starch, ( v ) inulin. 

7. How is glucose obtained from cane sugar ? 

(Delhi B.Sc. Hons. Sub.,1977) 

8. Starting from glucose how can you obtain— 

(i) Osazone, (it) Sorbitol, (iii) Fructose, (iv) n-hexane 7 

( Delhi B.Sc. Hons. Sub .# 1977) 

9. Why can't we substitute starch by cellulose (grass) in 
our food whereas grazing animals can ? 

10. What are proteins ? 

ix. What are various functions of proteins ? 

12. What are essential amino acids ? 

13. What is peptide linkage ? What are dipeptides and 
tri-peptideB ? 

14. What are proteins used as catalysts called ? 

15. What are products of hydrolysis of proteins ? 

16. Name two textile fibres which are proteins. 

17* Discuss the use of proteins in controlling body processes. 

18. What is the difference between a polypeptide and a 
protein 7 

19. What are conjugated proteins ? How ere they classified ? 

(Delhi B.Sc. Hons., 1976) 

ao. How may different polypeptides differ from one another ? 

What do vou know about the spiral structure of proteins ? 

3'3W 
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IX. What are building blocks of proteins? What are 
%tx proteins t Give two cberacteriatics or these. 

m. What are globular proteins ? Give two characteristics 

of these. 

eg. What is denaturation of protein ? 

>4. What are ureides ? How are they classified ? 
as. Write names and formulae of products obtained in the 
following reactions: 

(i) Acetamide -f-COCl,-*- (ti) Oxalic acid-furea-* 
(sat) Malonic eater-)-urea-*- (iv) Glycollic acid+urea-*- 

(v) Acetoacetic eater+urea-r 


a6. Write structures of— 

(») Pyrimidine ring ; (si) Imidazole or iminazole ring ; 

(sis) Purine. 

37. How are the following related to each other ? 

(») Uric acid ; (ti) Xanthine ; (iii) Caffeine. 

(Delhi B.Sc. Hons., 1976) 

28. Starting from cyanoacetic ester how would you aynthel 
siae uric acid ? (Delhi B.Sc. Hons., 1976) 

39. Nitrobenzene stabilises itself by resonance. The follow¬ 
ing groups are of the same type ; 

*• •• ■■ 

O: O: O : O: 

II I II 

—N -*0 —C-OH —C-R —C—H —C=N: 

Write resonance structures showing stabilization by reso¬ 
nance of the benzene compounds containing each of the groups. 

30. (a) Write one resonance structure for acetanilide which 
does not involve electrons of the ring. You will find it involves 
(+) and (—) charges. 


(tt Explain on the basis of die resonance structure written by 
you. why acetanilide is less reactive towards electrophilic substitu¬ 
tion than aniline. 


31. Acetamide group (—NHCOCH,) is an ortho-para 
director and acetanilide is much more reactive than benzene. 
Can you account for these facts on the basis of resonance struc¬ 
tures which involve the benzene ring ? 


32. Do you expect phenyl acetate to be more or 
live than phenol f Give reasons. 


less reac- 


33. What is the directive influence of acetoxy group. 



fas phenyl aaetate* 
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34. Compared to benzene, is phenyl acetate more or kee 
reactive in electrophilic substitution l 

35. Why does side-chain halogenation of an alkyl-benzene 
occur preferentially at the benzylic hydrogen 1 Explain at length ? 

36. Chlorination of ethylbenzene in presence of sunlight is 
represented as follows : 

hv 

C*H*—CHj—CH,+Cl B -+ C*HCH—CH,+C,H f —CH,—CH £3 

Ethylbenzene I , i-chloro-z- 

Q| pheuylethane 

i-chloro-i-phenylethane ( 4 %) 

I 9 i%) 

(a) How can you justify the formation of i-chloro-i-pbenyl- 
ethane as a major product ? 

(b) What kind of free radical is involved in the formation of 
2-chloro-i-phenylethane (a minor product) ? 

37. Name the major product you expect to be formed when 
n-propylbenzene is chlorinated in sunlight. 

38. Write resonance structures of benzyl cation. C,H,CH, + . 

39. Benzyl cation is more Btable than a tertiary carbo- 
cation. Can you account for its exceptional stability ? 

40. Would you expect that the positive charge of benzyl 
cation is delocalised ? If so, over which carbons ? 

41. What does molecular orbital theory tell us about the 
location of the positive charge in benzyl cation ? 

42. Write an explanatory note on inert character of chlorine 

in chlorobenzene. (Delhi fi.Sc., 1976) 

43. Give mechanism of chlorination of benzene. How is 
chlorobenzene obtained on a large scale ? (Delhi fi.Sc., 1976 Sujpp.) 

44. Explain why chlorobenzene is not acted upon by 

aqueous NaOH solution and alcoholic ammonia under ordinary 
conditions. (Delhi B.Sc., 1976 Supp.) 

45. Account for the fact that 2, 4-Dinitrocblorobenzene is 

more reactive than chlorobenzene when treated with sodium 
hydroxide. (Calicut fi.Sc., 1973) 

46. Write equations for the following steps involved in the 
sulphonation of benzene : 

(i) Production of SO, from HjS 0 4 . 

(si) Formation of a complex from C,H,-|-SO,. 

(iii) Abstraction of proton from the e complex by the 
base (HS 0 4 ~) to give C,H,SO,~. 

(iv) Reaction between C^HjSO* - and H* 0 + . 

47. Sulphonation is a reversible process. > With cone. H,S 0 4 
position of equilibrium lies appreciably to the right. With a high 
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concentration of water (on passing steam or with dilute H« 30 j) 
equilibrium shifts to the left It shifts further to left with volatile 
aromatic compound which distils over with steam. 

Show all steps of deaulphonation when benzenesulphonic 
acid is heated with dilute sulphuric acid. 

48. In most desulphonation reactions the electrophile is a 
proton. Other electrophiles may f however, be used. 

When benzenesulphonic acid reacts with bromine in presence 
ofFeBr*, bromobenzene is obtained. Name the electrophile in 
this reaction. Write various steps involved in the mechanism for 
this reaction. 

49. On sulphonation of toluene at 273K and J73K the 
following proportions of monosubstituted products are obtained : 



ortho 

para 

meta 

273 K 

43% 

53% 

4 % 

373 K 

13% 

79% 

8% 


(a) Keeping in mind that sulphonation reactions are reversi¬ 
ble, how can you account for the difference in the relative propor¬ 
tions of the three products at the lower and higher temperatures 7 

(b) Which toiuenesulphonic acid appears to be more Stable, 
ortho or para ? 

50. Give the mechanism of nitration of benzene with cone. 
HN 0 3 and cone. H*SO t . ( Delhi B Sc. Hons., 1976, 77) 

J ii. On what factors does the number of nitro-groups 
uced during nitration of a compound depend 7 

52. What happens when aniline is 
(a) warmed with CHC 1 3 and KOH, 

( b) treated with cold NaNO t solution and HCf, 

(c) acetylated ? (Delhi B Sc. Hons . Sub., 1976 Supp.) 

53. Why is aniline less basic than methylamine ? 

(Nagpur B.Sc., 1973) 

54. Write mechanism for the amrxicnolysis ofhalogeno- 
com pounds with liquid ammonia giving necessary conditions. 

55. Para nitrosation of N, N-dimethylaniline C 9 H*N(CH v )t 
is an example of C-nitrosaticn believed to be a nucleophilic 
substitution reaction in which NQ+ ion is the nucleophile, 

(a) Explain how NO* ions are formed in an aqueous solution 
of NaNOt and HQ. 

fb) Write the a steps involved to explain the mechanism of 
the above C-nitrosation. 

$6. Tertiary aromatic amines and phenols undergo C-nitro- 
sation reaction whereas most of the other aromatic compounds 
dp npt. Assign reasons for this difference in behaviour* 

57.* What is diazotisation 7 Discuss its mechanism ? 

{Delhi B.Sc., Hons ► 1977 ; Nagpur B*Sc> 1974 Svpp,) 
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c$. How does adUzonium salt differ from a diazo-com* 
pound ? (Delhi B. Sc. Hong, 1977, 76) 

59. By using diazo reaction as one of the steps in the 
process# show how you would obtain the following from aniline ; 

(a) (0 1,3, 5*tribromobenzene ; (it) phenol; 

(iii) p-hydroxyazobenzene. (Delhi B.Sc. Hons.# 1976) 

(b) (i) Phenylhydrazine, (ii) Methoxybenzene# 

(iii) Diazoaminobenzene. (Nagpur B.Sc., 1974 Supp) 

60. Excess of mineral acid is used in diazotisation process. 
Suggest reasons. 

61. Benzenediazonium chloride couples with phenol but 
not with methoxybenzene. Explain why ? 

62. 2, 4-Dinitrobenzenediazonium chloride couples with 
methylbenzene (anisole) and 2, 4, 6-Trinitrobenzenediazonium 
chloride couples even with mesitylene. Give reasons. 

63. Account for the following : 

(a) Out of three isomeric nitrophenols only the o-isomer is 
steam volatile and its boiling point and solubility are lower as 
compared to the other isomers. 

(Ib) Unlike most phenols, 2, 4-dinitrophenol and 2, 4, 6 - 
trinitrophenolare soluble in aqueous sodium bicarbonate. A 

64. Formulate a reaction scheme to synthesise phenol from 
benzene and make use of Friedel-Crafts reaction. 

(Punjab B.Sc., 1975) 

- 6 5 ‘ Give the probable mechanism of Reimer-Tiemann 

Reaction. ( Punjab B.Sc., 1976 Supp.) 

66- Name the reagents and reaction conditions for the 
preparation of the following from phenol : 

(i) Salicylic acid, (ii) p-Hydroxyacetophenone. 

(Punjab B.Sc., 1977) 

67. Arrange the,folio wing in the increasing order of acidity: 

p-nitrophenol, m-aminophenol, p-cresol, 2. 4-dinitropheno). 
Give reasons for your answers. (Punjab B.Sc., 1975) 

*8. o-Nitrophenol is more acidic than m-nitrophenol. Why ? 

(G.N.D. B.Sc., 1976) 

69. Boiling points of phenols are much higher than the 
boiling points of hydrocarbons of roughly the same molecular 
weight. Explain why ? 

70. How do you account for appreciable water-solubilities 
of phenols T 

71. The carbon-oxygen bond of phenol is much stronger 
than that of an alcohol. For example, eydohexanol gives bromo- 
cyclohexane when refluxed with cone. HBr whereas phenol does 
not react with cone. HBr. Explain, why ? 
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72 * The reactions of aldehydes and ketones with LiAiH 4 
and NaBh 4 are examples of nucleophilic additions to the carbonyl 
group (>C«° 0 ). Name the nucleophile involved in the reactions. 

73. Why is the first step in halogenation of acetophenone 
in aqueous NaOH solution termed "base promoted" rather than 
base catalysed 7 

7a. What is the order of reactivity of benzaldehyde, 
benzopbenone and acetophenone towards nucleophilic addition 
reactions ? Explain. (Guru Nanak Vev B Sc. f 1977) 

75. How will you obtain ethylbenzene, benzoic acid and 
benzylideneacetophenone from acetophenone ? 

(Guru Nanak Dev B.Sc., 1977) 

76. Why carbonyl compounds have lower boiling points 
than the alcohols from which they are derived ? 

(Guru Nanak Dev B.Sc., 1977) 

Tj, Arrange in the decreasing order of acidity of the 
following sets and explain your choice of the order in eacn case : 

(a) a-chloropropionic acid# J 9 - chloropropionic acid and 
propionic acid ; 

(b) p-nitrobenzoic acid, p-chlorobenzoic acid and benzoic 
acid ; 

(c) p-chlorobenzoic acid, m-chlorobenzoic acid and benzoic 
acid ; 

(d) p-hydroxybenzoic acid, m-hydroxybenzoic acid and 
benzoic acid ; 

(e) p-nitrobenzoic acid, m-nitrobcnzoic acid and benzoic 
acid. 


78. Which acid of each pair in the following would you 
expect to be stronger^ 

(0 (CH,), N —(f COOH or ^ ^)—CQQH 


(«') 


CF,—\)—COOH or CH,— —' 



-COOH 


79. When excess of CO, is passed into a solution of sodium 
benzoate and p-methyl sodium phenoxide in aqueous sodium 
hydroxide, jp-methylphenol separates as an oily liquid while 
sodium benzoate remains in solution. Explain. 


50. Explain how you would separate a mixture of benzoic 
acid, p-methlyphenol and cydohexanol. You are provided with 
the following reagents : aq. NaOH, aq. HC 1 , ether and CO,. 

51. An alcoholic solution of phenolphthalein is colourless 

but when a drop of alkali is added the solution becomes r, d in 
colour. Why ? (Delhi B,Sc. Hons., i? 75 ) 

8a. What are dyes ? What are the requisites of a true dye ? 

S3, What ate chromopbores ? Give five examples of 
clffotMphoma 
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84. What it a chromogen ? 

85. Whet are auxochromes ? 

86. What is a mordant ? 

87. What are ingrain dyes ? 

88. What are vat dyeB ? Give one example of a vat dye. 

89 How are leuco-base, colour base and a triphenylme thane 

dye related with one another ? 

90. Write structures of methyl orange in alkali solution and 
add solution. 

91. How does structure of phenolphthalein change as the 
solution changes from acidic to alkaline ? 

92. What are the products obtained by reduction, oxida¬ 
tion, halogenation, nitration and sulphonation of naphthalene 1 

(Kerala B.Sc., 1973) 

93. (0 What is the controlling step in the electrophilic 
substitution in naphthalene ? 

(11) What is the most favourable structure of the carbocation 
obtained in the above step ? 

94. State two rules uBed to predict the major products 
obtained in further substitution of a monosubstituted naphthalene. 

95. Give resonance hybrid structure of naphthalene. What 
is the double bond character of various bonds in naphthalene 7 

96. How do you proceed for the synthesis of p-Bubstituted 
naphthalenes ? 

97. Give the mechanism of electrophilic substitution in 
anthracene. 

98. Which is the most stable carbocation obtained from 
anthracene ? 

99. What nappens when anthracene undergoes (1) chlorina¬ 
tion, (it) nitration, (in) sulphonation, (tv) oxidation, and (v) 
reduction ? 

100. How will you convert anthracene to alizarin ? 

(Bangalore B.Sc., 1974) 

xox. What happens when anthraquinone is (t) reduced, (11) 
nitrated and (tit) sulphonated ? 

102. Give structural formula and name of a compound 
containing a sulphur atom in the ring and another with a nitrogen 
atom in the ring. 1 (Punjab B.Sc., 1976) 

103 Why is pyridine more basic than pyrrole ? 

(Guru Nanak Dev B.Sc., 1977 ; Delhi B.Sc. Hons , 1976) 

104. Electrophilic substitution in furan occurs pieferentially 

at a-position. Explain. (Guru Nanak Dev B Sc., 1977) 

105 . How can pyridine ring be cleaved ? 

(Bangalore B.Sc,, 1974 ) 
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xo 6 . Pyridine does not undergo the Friedel-Crafts reaction. 
Explain, why ? (Andhra fl.Sc-, 1974) 

107. Give the structures of the product or products in the 
following reactions : 

CHC 1 „ KOH , CH.O, Ha 

(a) Pyrrole-- (b) Thiophene-* 

(c) Furan-f Maleic anhydride—► (Andhra B.Sc., 1974) 

108. Write the resonance structures of pyrrole. 

(Bangalore B.Sc., 1974) 

109. Give two similar reactions between pyrrole and phenol. 

(Bangalore B.Sc., 1974) 

110. How would you account for the fact: Nitration of 

pyridine gives mainly 3-nitropyridine, but NaNH, gives a- amino* 
pyridine. (Delhi B.Sc., 1975) 

hi. Explain basic character of pyridine. (Delhi B.Sc,, 1973) 

112. How will you show that : 

(i) Furan behaves like an aromatic compound ? 

(ft) Substitution in the pyridine ring takes place at 
3-position during electrophilic attack and at 2-position wnen the 
attack is nucleophilic ? 

(iii) Pyrrole possesses properties in common with both 
phenols and aromatic amines. (Delhi B.Sc. Hons. 1976) 

113. What do you understand by the term‘terpenoids’ ? 

(Mysore B.Sc., 197a) 

114. What are essential oils and why are they so called ? 

(Delhi B.Sc. Hons., 1973) 

Selection Test: 

Put a Tick mark (y 0 on the correct alternative out of the 
ones given at the end of each question : 

I. Which of the following would undergo dehydration 
most readily ? 

(a) i-phenyl-i-butanol, (b) 2-phenyl-z-butanol, (c) i-pbenyl- 
a-butanol (d) a-phenyl-i-butanol. 

a. Which of the following cannot be made by Williamson’s 
synthesis ? 

(a) methoxybenzene, (b) benzyl-p-nitrophenyl ether, (e) 
methyl-ten-butyl ether, (d) terf-butyl ether. 

3. Which of the following is tertiary amine ? 

(a) terf-butylamine, (b) ethylmethylamine, (c) dimethyl* 
see-butylamine, (d) N-methylaniline. 

4. The heat of hydrogenation of cyclohexene is 1197 kj. 
The heat of hydrogenation (in kj) of 1, 3-cyclohexadiene is 
expected to be : 

(a) H97, ( fc ) 59 ’ 8 s> (c) * 39 ’ 4 , (<0 3 S 9 'I- 

5. The sign used to represent resonance. between two 
structures is 



NEW TYPE QUESTION BANK—(III) 


3327 


(a) I-II, (b) (c) I4~»II. 

6» In benzene, the carbon-carbon bond length is i*iq A; 
the carbon-hydrogen bond length (in A) is 
(a) I"39» (b) ro8, ( c ) TS4, W) 146. 

7. In benzene, there is a delocalisation of the pt-electrons* 

Hence, each pi-electron is attracted by.carbon nuclei. 

(a) 2. (b) 3, (c) 6, (d) 4. 

8. Benzene is essentially a resonance hybrid of the tw 
Kekule structures. Hence, 

(fl) half of the molecules correspond to one structure, and 
the other half to the second structure ; (b) an individual benzene 
molecule changes back and forth between the two structures ; (c> 
at low temperatures, benzene can be separated into the tufo struc¬ 
tures and (d) the two structures make equal contributions to the 
resonance hybrid. 

9. The number of isomeric xylenes is 

(a) 2 , (b) 3 , (c) 4 , ( d ) 5 . 

10. Which of the following is the most reactive towards, 
ring nitration ? 

(fl) benzene, (b) mesitylene, (c) toluene, (d) m-xylene. 

XI* Which of the following structures is especially stable ? 



12. Which of tne following substituent is a strongly deacti¬ 
vating group towards electrophilic substitution in the benzene 
ring 7 

(a) CH 3i (b) CH,C 1 , (s) CHC 1 „ (d) CC1*. 

13. Of the following, which would yield the highest percent¬ 
age of meta-isomer, towards electrophilic substitution ? 

(a ) C|H S CH*. (b) C.H.CH.COOCaHe, (c) CsH.CHlCOOC^)*, 

t«f) CfH|C(COOCtH 6 ) 3 . 

24. Toluene on treatment with CH a Ci and A 1 C 1 9 at 350K 
g ives the major product as 

(a) 0-xylene, (b) p-xylene, (c) m-xylene, (d) ^-cumene. 

15, The position least nitrated when m-bromochlorobenzene 
Is nitrated is 




(4) totttien ortho to bromine, (W poritiott ortho to chlorine, 
<c) positieh meta to chlorine, and (d) position ortho to chlorine 
and bromine. 

16 . When ethylbenzene is treated with bromine (in presence 
of light and heat), the only product is 

(a) i-bromo-i-pfacnylethane, (b) 2-bromo-i-phenylethane, 

(c) o-bromo ethylbenzene, and ( d) p-bromoethylbenzene. 

17. Which of the following undergoes free radical chlorina¬ 
tion with maximum ease ? 

(a) CgHsCH,. (b) p- CH*C*H 4 CH a , ( c ) p-ClC^CH,, 

id) p-NCCiH^Hf 

*8. Benzene, in the presence of BF a , does not give tertiary- 
pentyl-benzene, when reacted with 

(a) 2-methyl-i-butanol, (b) 3-methyl-a-butanol, (c) neopentyl 
alcohol, (d) butanol. 

19. Which of the following would undergo addition of HCl 
with maximum ease ? 

fa) toluene, (b) styrene, (c) p-chl rostyrene, (d) p-methyl- 
styrene. 

20 On treatment with chlorine, in sunlight, toluene forms . 

(<j) o-chlorotoluene, (b) benzyl chloride, (c) p-chlorotoluene, 

(d) 2, 5-dichlorotoluene. 

21. Which of the following would undergo free radical 
chlorination with maximum ease 7 

(a) ethylbenzene, (b) isobutanc, (r) neopentane, (d) n-pentane. 

22. Which of the following would be most reactive towards 
bromine ? 

(a) anisolc, (b) m-hydroxyanisolc, (c) o-methylanisole, (d) 
m-methyiamsole. 

23. Of the following which is a strong electrophile ? 

(a) NO/, (b) N 0 2 , (c) NO f , (d) NO. 

24. Which of the following would be least reactive towards 
bromine ? 

(a) anisolc, (b) chlorobenzene, (r) nitrobenzene, (d) phenol. 

25. Of the following isomeric chbiomotpluenes which one is 
most difficult to make from toluene ? 

(a) a, 3-dibTomotoluene, (b) a, 4-dibrornotoluene, (c) 3, 5-di- 
bromotoluer.e, (d) 2, 6-dibromotoluene. 

26. Which of the following do you think would be ideal 
starting material tot preparing m-bromonitrobenzene in the lab ? 
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c a) 1 mum*, (b) nitrobenzene, (c) bromobenzene, (fa Ihloro- 

WlWlfei 


37 . Bv the attack of an electrophile, which of the fbllowinf 
will form the moat stable carbocation ? 

(a) aniline, (b) acetanilide, (c) anisole, (d) dimethylaniline. 
Br 


28 . 


NH t - 


ff \ 


-Br ia called 


/ 

Br 

(a) 1, 3, 5-tribromoaniline, (b) tribromoaniline, (c) 2, 4, 
6-tribromoaniline, (d) aniline tribromide. 

29. Which of the following will give only one mononitro 
derivative ? 

(a) mcsitylene, (b) n-propylbenzene, (c) p-xylcne, (d) o-ethyl- 
toluene. 

30. Which 1 of the following is the most reactive towards 
electrophilic substitution ? 

(a) C t H 4 CH a CH a N(CH,) a *. (b) C.H S N(CH.), + , 

(c) C,H 5 GH a N(CH s ), + . (d) C,H i CH 1 CH a CH a N(CH 1 V 

31. Which of the following is least basic ? 

(a) aniline, (b) p-methylaniline, (c) diphenylamine, (d) tri- 
phenylamine. 

32. Which of the following haa the highest K* value ? 

(a) p-methoxyaniline, (b) p-methylaniline, (c) p-chloro- 
aniline, (d) p-nitroaniline. 

33. Which of the following would not react with benzene- 
sulphonyl chloride in aq. NaOH 7 

(a) aniline, (b) N-methylaniline, (c) N, N-dimetbylaniline, 
(d) cthylamme. 

34. In which of the following, monobromination will occur 
faster than Jin benzene ? 

(a) sec-butylbenzene, (b) acetanilide, (c) ethylbenzoate, 

(d) benzonitrile. 

35. Which of the following would not react with HNO f ? 
(d) N, N-dimethylsniline, (b) p-toluidine, (c) benzidine, 
(d) sulphanilic acid. 

36. Which.of the following groups would you introduce into 
,1 drug'or dye to make it water-soluble ? 

(d) —NO a , (b) -Cl, <c) —SO a H, (d) -OH. 

37. Which of the following undergoes coupling ? 

(a) Ar-N-N-OH, (b) Ar—N=N + OH-, 

(c) Ar—N=N— 0 “Na% (d) ArNH, . 
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31. IWhich of the fidknrfaigluii large K« value ? 

<«) C*H*COOH, ( 3 ) G«lf«SOfH, (c) C,H,CONH„ 

(d) C.H.SOtNH,. 

39. Which of the following ia (team-volatile ? 

(a) phenol, ft) o-nitiophenol, (c) m-nitrophenol 
Id) p-nitrophenol. ' 

40. Which of the following will be aulphonated at room 
temperature when reacted with 80% H jSO* ? 

(a) o-xylene. (b) m-xylene, (c) p-xylene, (d) 1, 4-diethv 
benzene. 

41. Which of the following is strongly acidic ? 

(a) m-bromophenol, (b) m-cresol, (c) m-nitrophenol, 

(d) phenol. 

43. Which of the following is the weakest acid ? 

(a) benzenesulphonic acid, (b) benzoic acid, (c) benz> 1 
alcohol, (d) phenol. 

43. Of the following, which has the highest m.p. ? 

(a) i>-bromophenol, (b) m-bromophenol, (c) p-bromophenol 
(d) m-chlorophenol. 

44. The number of pi-electrons is cycloheptatrienyl anion is 
(a) 8 , ft) 6 , (c) 7. (d) S- 

KEY 


I. (b) 

a. (d) 

3 ; (c) 

4 - ( c > 

5 - (c) 

6. (b) 

7 - (c) 

8. (d) 

9 - (b) 


10. (b) 

n. (b) 

13 . (d) 

13. (d) 

14. ft) 

* 5 - («) 

16. (a) 

17. (b) 

18. (d) 

19. (d) 

30 . (b) 

31 . (a) 

32 . (b) 

* 3 - (a) 

24. (c) 

35. (c) 

26. (b) 

27. (d) 

38 . (c) 

39. (a) & (c) 

30. (d) 

31 . (d) 

3 *- ( a ) 

33 * (e) 

34 * (b) 

35 - (*) 

36. (c) 

37 - (&) 

38. (b) 

39 - ft) 

40 (&) 

4 *> («) 

43. (c) 

43 - (c) 

44 * («) 


Explain with suitable examples, what conclusion you 
draw from the following • 

1. A compound reacts with hydroxylamine and phenyl- 
hydrazine but does not reduce Fehling’s solution. 

3. A compound decolorises 5% solution of bromine in 
carbon tetrachloride. 

3. A fuel causes knocking in the engine. 

4. An aromatic compound on reduction gives a primary 
amine. 

g. A compound reacts with aqueous KOH to give an 
aldehyde. 
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6. A compound on worming with Fehling’s solttioo fives » 
red precipitate. 

7. A compound on hydrolysis gives an alcohol and an acid. 

t. A compound on treatment with bromine water and KOH 
gives a primary amine. 

Matching Teat: 

1. List A List B 

1. —OH (i) o-8t p-directive 

2. —CH> (ii) m-directive 

3 . -COOH 

4- -NO, 

5 - —Br 
6. —NH, 

2. List A List B 

1. Metallic sodium (s) Preparation of Grignard 

reagent 

2 . Magnesium (b) Cannizzaro reaction 

3. Anhydrous AiCI, (c) Kolbe-Schmidt reaction 

(d) Wurtz reaction 

(e) Friedel-Crafts reaction 

3. List A List B 

1 . Nitration of benzene (a) gives phthalic anhydride 

2- Chlorination of toluene (b) gives only nitrobenzene 

at 480 K (c) gives both nitrobenzene and 

3 . Oxidation of naphthalene dinitrobenzene 

4. Gives tetralin on reduction (d) gives 0- and p-chlorotoluene 
with sodium and amyl 

alcohol 

5. Decolorises alkaline («) gives benzyl chloride, benzy- 

KMoOg solution lidene chloride and benzyii~ 

dyne chloride 
(/) naphthalene 

(*) toluene 
(h) ethylene 

Identify the Name Reaction and complete the reaction : 

x, Action of diethyl ester of adipic acid with sodium ethoxide. 

a. Action of an alkyl halide with aromatic hydrocarbon in 
presence of anhydrous aluminium chloride. 

3 . Action of sodium ethoxide on ethyl acetate, 

4. Action of tine and ethyl bromoacetate on acetone. 
TOG-11M83-21 
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5 ., /jjtkm of alkali on an aromatic aldehyde. 

6. Action of aromatic aldehyde* with aodium a alt* of weak 
add* at elevated temperature. 

Do u Directed: 

1. Arrange in the order of decreaaing basicity : 

(a) CH,NH a . (b) NHj, 

(c) C*H c NH t , (d) p-nitroaniline, 

(e) p-methoxyaniline. 

a. Arrange in the order of increasing reactivity towards electro¬ 
philic substitution: 

(a) Chlorobenzene, (b) p- chloronitrobenzene, 

(c) p-chloroanisole, (d) picryl chloride, 

(e) m-chloronrtrobenzene. 

Fill in the Blank* : 

z. In organic molecules bonds which arc formed by the 
overlap of hybridised orbitals are called.bonds. 

a. p-Nitrophenol has a.boiling point than o-nitrophenol. 

3. p-nitroanilioe is.basic than aniline. 

4. The products of crossed Cannizzaro reaction between 

formaldehyde and benzaldehyde are.and. 


Per larger iaf question 1 of this type read CHEMISTRY 
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